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APPENDIX 6 
TECHNOLOGY DATA SHEETS FOR TECHNOLOGIES 

WHICH PASSED PRELIMINARY SCREENING 

APPENDIX B.l TECHNOLOGIES WHICH PASSED PRELIMINARY SCREENING 
AND WERE SELECTED FOR TREATABILITY STUDIES Paae 

Adsorption 
Chemical Oxidation of Organics 
Ion Exchange 
Magnetic Separation 
Masonry Cement Stabilization 
Oxidation/Reduction 
Ozonation 
Peroxide Oxidation 
Physical Separation 
Polymerization Stabilization - Epoxy 
Polymerization Stabilization - Polyester 
Portland Cement Stabilization 
Soil Washing 
TRU CleanR 
TRU/ClearR 
Ultrafiltration/Microfiltration 
Ultraviolet Oxidation 
Ultraviolet Photolysis 

6-1.1 
B-1.4 
8-1.8 

8-1.10 
B-1.23 
B-1.13 
8-1.4 
8-1.4 

8-1.17 
B-1.23 
8-1.23 
B-1.23 
B-1.20 
B-1.27 
B-1.28 
B-1.30 
B-1.4 

B-1.32 

APPENDIX B.2 TECHNOLOGIES WHICH PASSED PRELIMINARY SCREENING BUT WERE NOT 
SELECTED FOR TREATABILITY STUDIES 

Activated Carbon 
Air Stripping 
Alkaline Chlorination 
AOSTRA TACIUK Process 
Asphalt Stabilization 
Asphalt Based (Thermoplastic) Microencapsulation 
Catalytic Dechlorination 
Catalytic Oxidation 
Electrodialysis 
Evaporation 
Fluidized Bed Incineration 
Freeze Crystallization 
Gamma Irradiation 
Glassif ication/vitrification 
Infrared Electric Furnace 
In-Situ Bioremediation of Groundwater 
In-Situ Bioremediation of Soils 
In-Situ Stabilization 
In-Situ Vitrification 
Land Treatment 
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APPENDIX 6 
TECHNOLOGY DATA SHEETS FOR TECHNOLOGIES 

WHICH PASSED PRELIMINARY SCREENING (Concluded) 

Lime/Fly Ash Pozzolan Stabilization 
Low Temperature Thermal Treatment 
Molten Glass Incinerator 
Molten Salt/Sodium Fluxing 
Multiple Chamber Incineration 
Neutralization 
Oxygen Enhanced Incineration 
Powdered Activated Carbon 
Precipitation 
Radio-Frequency Heating 
Reverse Osmosis 
Rotary Kiln Incineration 
Solvent Extraction 
Steam Stripping 
Submerged Aerobic Fixed Film Reactor 
Supercritical Water Oxidation 
Surfactants 
Thermal Oxidation 
Vacuum Extraction (and Steam Injection) 

B-1.23 
B-2.37 
B-2.38 
8-2.40 
B-2.42 
B-2.44 
8-2.45 
B-2.47 
8-2.49 
B-2.51 
8-2.53 
B-2.55 
B-2.57 
8-2.59 
B-2.61 
8-2.63 
B-2.65 
B-2.67 
8-2.68 
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ADSORPTION 

DescriDtion 

Adsorption is a term commonly used to refer to both adsorption and absorption. Adsorption is the 
physical adhesion of molecules or particles to the surface of a solid adsorbent without chemical 
reaction. Absorption involves the transfer of the molecules or particles from one phase to the other so 
that they actually become a part of the other phase (medium). Absorption may be physical or chemical 
in nature. 

A number of different adsorption processes exist for treatment of metals and radionuclide contaminants 
in water. These include activated alumina, a ferrite process, and other processes (U.S. EPA, 1985, 
1986a; Schweitzer, 1979). 

Activated Alumina: Activated alumina is a porous form of aluminum oxide with a large surface area. 
It will adsorb liquids, vapors, and gases. For removal of aqueous contaminants, activated alumina is 
typically used in a column similar to that for ion exchange. It has proven to be successful in the 
removal of arsenic and fluoride from groundwater (Rubel, 1980; Frankel and Juergens, 1980). Adsorbed 
species can be removed by flushing the column with a suitable chemical solution, generating a 
concentrated side stream. 

Ferrite Process: This process involves the introduction of ferrite particles into a waste stream. Inorganic 
contaminants present in the waste stream will sorb to the particles which are then removed by physical 
separation. The ferrite process also has the capability of being used in a column similar to ion 
exchange. ’ 

Amlications 

Activated alumina is used to remove small amounts of fluoride and arsenic from potable water and 
wastewater (Rubel, 1980; Frankel and Juergens, 1980). The fluoride adsorption process is pH 
dependent with optimal removal occurring at pH 5. Research indicates that selenium can also be 
removed using activated alumina (Yuan et al., 1983). 

Advantaaes and Disadvantaaes 

Adsorption of metals and radionuclides is a standard technique for removal and concentration of these 
contaminants. The major disadvantage to adsorption processes is that they produce a concentrated 
liquid side stream resulting from regeneration. If not regenerated, the sorbent must be disposed as a 
solid waste. 
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CHEMICAL OXIDATION OF ORGANICS 

DescriDtion 

Chemical oxidation is used to degrade hazardous organic materials to less toxic compounds. A number 
of different chemical oxidation processes exist for treatment of organic contaminants. These include 
chlorination, ozonation, and treatment by a combination of UV radiation, and ozone, and/or hydrogen 
peroxide (U. S. EPA, 1985, 1986a; Wentz, 1989). 

Chlorination: In this process chlorine is added to water to oxidize both organics and inorganics. 
Chlorine, which is added in its elemental form (gas), chlorine dioxide gas, or hypochlorite salt, is a 
strong oxidizing agent in aqueous solutions. The primary use of chlorination has been for disinfection 
of drinking water. A potential disadvantage of this process is that the chlorine may form potentially toxic 
chlorinated by-products. 

Ozonation: Ozone is a strong chemical oxidant that has been used for purification, disinfection, and 
odor control of drinking water. Ozone is generated from air or oxygen and is applied by bubbling the 
gas through the water being treated. Ozone efficiently breaks down some easily oxidizable organics, 
but has generally been shown to be an ineffective oxidant for halogenated organics at reaction times 
and concentrations normally used in drinking water treatment. Complete oxidation of organic species 
to carbon dioxide and water may require high ozone dosage and long contact times. If inorganics, such 
as iron, are present, their oxidation may inhibit the destruction of organics. 

UV/Ozone/Hydrogen Peroxide: The use of ultraviolet (UV) radiation in combination with ozonation has 
been found to catalyze the oxidation process and is now in common use. This form of treatment is 
accomplished by contacting the ozone and the contaminated water in a closed reactor in the presence 
of UV light. The combination of UV and ozone treatment makes it possible to oxidize compounds that 
would not be oxidized by ozone treatment only. UV radiation causes destruction or weakening of the 
chemical bonds in the organic compounds, thereby acting as a catalyst for the oxidation process. 
Hydrogen peroxide can be used in combination with UV light as an alternative to ozone, or all three may 
be combined. 

Complete oxidation of organics results in the formation of carbon dioxide and water. In waste treatment, 
complete oxidation of all the contaminants is difficult and expensive to achieve, so a variety of low 
molecular weight organics are formed in the process. Since various degrees of oxidation occur in 
complex mixtures, it is important that the system be designed for removal of selected target 
contaminants. A thorough characterization of by-products is necessary. 
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Atmlications 

Chemical oxidation processes have been reported for dilute waste streams containing aldehyde, 
mercaptans, phenols, benzidine, unsaturated acids, and some pesticides (Kiang and Metry, 1982). 

The UV/Ozone/Peroxide system as marketed by ULTROX International has been used for pilot-scale 
and full-scale treatment of a variety of organic contaminants (Fletcher, 1987; Barich, 1990). In a pilot- 
scale test, the system was found to reduce trichloroethylene (TCE) from 200 ug/L to 2.6 ug/L and 
carbon tetrachloride from 10 ug/L to 2.9 ug/L. The ULTROX system has been used full-scale for 
treating 200,000 gallons of tetrahydrofuran-contaminated groundwater. The contaminant concentrations 
were reduced from 5,000 ug/t to nondetectable levels. Groundwater contaminated with TCE, 
tetrachloroethylene (PCE), and 1 ,1 ,1-trichloroethane at 470, 96, and 166 ug/L, respectively, was treated 
to below drinking water standards in pilot studies. Pilot studies were also conducted and demonstrated 
the reduction of polychlorinated biphenyl (PCB) concentrations from 50 ug/L to less than 1 ug/L. 

Similar systems are manufactured by Solarchem (Ontario, Canada) and Peroxidation Systems, Inc. 
(Gardenia, California). 

Advantacles and Disadvantaaes 

Chemical oxidation of organic contaminants has the advantage that the contaminants are destroyed in 
the process. On a cost basis, UV/ozone/peroxide treatment is competitive with GAC treatment. Natural 
organics and inorganics may interfere with the oxidation process and increase the oxidant requirements. 
Undesirable organic by-products may also be formed. 
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ION EXCHANGE 

Description 

Ion exchange can be used for the removal of undesirable anions and cations from a wastewater stream 
(Eckenfelder 1989). Cations are exchanged for hydrogen or sodium and anionsfor hydroxyl ions. Most 
ion-exchange resins used in wastewater treatment are synthetic resins made by the polymerization of 
organic compounds into a porous three-dimensional structure. Functional ionic groups are usually 
introduced by reacting the polymeric matrix with a chemical compound containing the desired group. 
Exchange capacity is determined then by the number of functional groups per unit mass of resin. 

Treatment of wastewater by ion exchange involves a sequence of operating steps. The wastewater is 
passed through the resin until the available exchange sites are filled and the contaminant appears in the 
effluent. At this point, the process is stopped and the bed is backwashed to remove dirt and to 
regenerate the resin. 

One of the major applications of ion exchange is the removal of chrome from industrial plating streams. 
Other anions or cations from wastewater streams can be removed. Macroreticular resins are used for 
the removal of specific organic compounds such as chlorinated pesticides and aromatic hydrocarbons. 
This technology has been used successfully for the remediation of heavy metals and uranium from 
wastewater and groundwater at the Hanford (Weiss 1990) and Savannah River Sites (Sferraua 1990). 

Advantaaes and Disadvantaaes 

One of the advantages of ion exchange is that the removed product from the wastewater stream can 
be recovered and reused or concentrated for more controlled disposal. 

Other ions within a waste stream can compete with the ion of interest to remove in the exchange 
process thus reducing the capacity. For instance, iron in groundwater competes for the exchange of 
more hazardous ions like chromium or uranium. 
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MAGNETIC SEPARATION 

Descrbtion 

Magnetic separation removes magnetic or recovers nonmagnetic materials. Magnetic separation can 
be accomplished on either wet or dry wastestreams. There are several types of separators that operate 
at various intensities, including belt, induced-roll, and drum. The force of the magnetic field is supplied 
by either electromagnets or permanent magnets. Utilizing a pretreatment can artificially convert 
nonmagnetic materials to magnetic materials. A V-shaped pole opposite a flat bar is the preferred 
method for producing a converging field. Drum separators are used for low-intensity magnetic 
separation. There are three types of drum separators: concurrent, counter-rotation, and counter- 
current. Concurrent drum separators extract an extremely clean magnetic concentrate from relatively 
coarse materials. It is often used in heavy medium recovery systems. The counter-rotation type is often 
utilized in roughing operations because it can handle occasional surges, hold magnetic material losses 
to a minimum, and can handle high solids loading. The counter-current drum separator is utilized in 
finishing operations. Typically, it operates on fine materials with particle sizes less than 250 pm. Cross- 
belt separators are used on dry materials for low-intensity magnetic separation. This separator is used 
to concentrate moderately magnetic ores. A disc separator is a modified cross-belt separator that 
provides even greater selectivity. 

Induced-roll separators are high-intensity separators. They are primarily used to separate magnetic 
materials from beach sands, wolframite, tin ores, glass sands, phosphate rock, and iron ores. One 
specific type of roll separator is the Permroll. Dry separation is utilized on materials with particles 
greater than 75 pm. 

Wet magnetic separators for high-intensity fields include induced roll machines and Jones. One type 
of induced roll machine is the Gill, which has been effective for separating highly magnetic ilmenite from 
heavy mineral concentrates. The Jones separator is effective in separating fine hematite ores. Other 
applications of wet, high-intensity separators include separating magnetic particles from cassiterite 
concentrates, asbestos, scheelite concentrates, talc, flotation tailings, beach sand, and cyanidation 
residues. 

Another magnetic separation process is Eddy-Current Separation. Eddy currents are currents that are 
induced in electrically conducting particles when exposed to a changing magnetic field. The interaction 
between the magnetic field and eddy-currents causes a force to be exerted on a conducting particle. 
The magnitude of this force is dependent upon the magnetic field, the currents and the motion of the 
particles relative to the magnetic field. If a mixture of conducting and non-conducting particles are 
passed over suitable magnetic fields, a different lateral particle deflection will result in the two types of 
particles being separated. Two eddy-current separators are the Ramp Separator and the Linear Motor. 
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ADDlications 

This technology will work with any waste containing magnetic particles that can be separated. The 
process can be used on water, slurries, soils, sludges, and sediments. 

Removes particles with diameters as small as 1 micron. Flow rates are 100 times greater than ordinary 
filtration. When particles get below 0.5 cm, wet methods are utilized instead of dry methods. Eddy 
currents remove particles in the range of .1 to 4 in. 

Advantaaes and Disadvantaaes 

This process can reduce the volume of soils requiring further processing and/or treatment. 

Disadvantages include the need for extensive materials handling and processing. 
emissions is also a problem. 

Fugitive dust 
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OXIDATION/REDUCTION 

Descridion 

The chemical reduction-oxidation (redox) process involves a change of the oxidation state of the 
reactants; one is increased while that of the other reactant is reduced. Common oxidizing agents 
include ozone, hypochlorite, and chlorine. Common reducing agents include sodium borohydride, sulfur 
dioxide, and ferrous sulfamate (U. S. EPA, 1985, 1986a). 

The purpose of redox treatment of inorganic compounds (excluding heavy metals) in water is generally 
to break a compound into simpler, less toxic constituents. Examples are the conversion of sodium 
cyanide to carbon dioxide and nitrogen using alkaline chlorination and the conversion of ammonium to 
nitrogen and water using sodium nitriie (Marin et al., 1979). 

The use of redox treatment of waste streams containing metals is typically required to enhance a 
subsequent precipitation step. The redox reaction is used to adjust the metal to an oxidation state that 
will result in the formation of an insoluble metal salt precipitate that can then be physically removed from 
the bulk of the aqueous waste stream. 

An example is the use of sulfur dioxide to reduce hexavalent chromium to trivalent chromium, which is 
then precipitated as chromous hydroxide. In general, the use of redox in conjunction with precipitation 
for the removal of heavy metals is a well established water treatment method. 

ADDI ications 

A typical redox process for removal of cyanide involves conversion of cyanides to cyanates with a 
15 percent solution of sodium hypochloriie at a pH >lo. The cyanates are then further oxidized to N, 
and CO, with the sodium hypochlorite solution at pH 8.5. Complete oxidation takes approximately 10 

minutes (Marin et al., 1979; EPA, 1980). This type of process is common for treatment of electroplating 
rinse water. 

Reduction of hexavalent chromium to its trivalent state followed by precipitation is a standard process 
step for treating chromium-bearing aqueous wastes. The solution pH is first adjusted to a pH of 2 to 
3 by addition of hydrochloric or sulfuric acid. A reducing agent, typically sulfur dioxide or sodium 
metabisulfiie, is then added. After the reaction is completed, the pH is adjusted to 7.5 to 8.5 using lime 
or caustic. At this pH, chromium hydroxide has its minimum solubility and precipitates (Lanouette, 
1 977). 
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The use of redox reactions for the removal of trace quantities of uranium and transuranic elements from 
groundwater has not been demonstrated. Processes for recovery and purification of uranium and 
transuranic elements, however, rely heavily on adjustment of oxidation states. These processes include 
precipitation as well as acid and solvent extraction. The separation of plutonium from cerium by 
extraction with tributyl phosphate (TBP) requires that the plutonium be oxidized to the tetravalent state 
without oxidation of cerium to its tetravalent state. Similarly, the separation of plutonium from uranium 
requires that the plutonium be trivalent and uranium hexavalent (Benedict et at., 1981). Process 
solutions typically contain transuranic elements in concentrations orders of magnitude above those 
required to meet discharge limits. 

The oxidation states and solubilities of uranium and transuranic elements at trace concentrations in 
groundwater have been studied by several researchers in recent years (Nitsche et al., 1988; Kim et al., 
1988; Nash et al., 1988; Cleveland et al., 1985). In general, they found P u O  and Pu(V1) to be the 
oxidation states of the soluble plutonium species. Presumably, plutonium solubility could be reduced 
by reduction to Pu(lll) or Pu(1V). The solubility is enhanced by the presence of carbonate and fluoride, 
which form complexes with the plutonium. Americium solubility is controlled mainly by the formation 
of radiocolloids. 

Advantaaes and Disadvantaaes 

The use of redox processes has the advantage that often inorganic contaminants may be transformed 
into less hazardous forms. The ability to adjust oxidation states of metals is advantageous and in some 
cases necessary for a subsequent treatment process, such as precipitation. A disadvantage of the use 
of chemical redox reactions is undesirable side reactions. These include the reduction or oxidation of 
organics and the production of chlorinated organics if the selected process is chlorination (Rice and 
Gomez-Taylor, 1985). The process will also produce a sludge that requires further treatment or disposal. 
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PHYSICAL SEPARATION 

Description 

Soil contaminants are often found to be associated with particular size fractions of soils, most often the 
fine particle sizes. Fractionation of the soil based on particle size can, therefore, be an effective means 
of reducing the volume of the material that requires treatment. The processes effective for performing 
soil size fractionation include screening, classification, flotation, and gravity concentration (U. S. EPA, 
1988b). 

Screening: This process is the mechanical separation of materials based on their size. This separation 
is usually obtained using a uniformly perforated surface. The material is passed over the screen. The 
larger particles are retained on the surface and the smaller particles pass through. Screening is usually 
limited to particles larger than 250 pm in diameter (Perry and Chilton, 1973). 

Classification: This process is used to separate particles based on their settling rate in a fluid, such as 
water. A single stage classifier will typically make a single separation, with faster settling materials going 
out the underflow and the slower going out the overflow. There are three types of classifiers: 
nonmechanical, mechanical, and hydraulic (Perry and Chilton, 1973). 

Flotation: The injection of air into a liquid suspension can cause lowdensity solids and hydrocarbon 
solids to float to the surface for removal. This method is used extensively in the mining industry for 
concentration of minerals. Microbubbles formed by injection of air attach to particles, become trapped 
under larger particles, or become part of flocs. These particles with the attached air bubbles have a 
combined specific gravity less than that of water and float to the surface (Ives, 1984). 

Gravity Concentration: This technique uses density differences of materials to effect separation. Gravity 
concentration can be implemented using sluices, shaking tables, and the traditional miner’s pan. All of 
these devices keep the particles slightly apart so that they can move relative to each other and separate 
into layers of light and dense materials (Burt, 1984). 

Amlications 

Flotation and other physical separation techniques are used to recover copper, uranium, zirconium, and 
magnetite by the Palabora Mining Company in South Africa (Burt, 1984). The method has also been 
used for removal of radium from uranium mill tailings in Elliot Lake (Raicevic, 1970). During laboratory 
testing, flotation was found to reduce radium concentrations from 290 pCi/g to 57 pCi/g. 
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Several soil decontamination processes in the Netherlands use gravity concentration and flotation for 
removal of fine particles and organics from extracting agents (Assink, 1985; U. S. EPA, 198813). Systems 
similar to this are in the pilot-stage in the United States (Hazardous Waste Consultant, 1989). Pilot plant 
testing at Rocky Flats in the early 1970s (Garnett et al., 1980) showed that soils contaminated with 45, 
284, and 7,515 pCi/g plutonium were reduced to 0.5, 12, and 86 pCi/g, respectively, using physical 
separation. The cleaned soil fraction ranged from 58 percent to 87 percent of the original volume. 

Advantaaes and Disadvantaaes 

Screening is an inexpensive method for separating particles, but screens are subject to plugging, which 
can greatly decrease their efficiencies. The use of dry screening generates dust emissions that must 
be controlled. 

Classifiers have high continuous processing capabilities and are very reliable, but soils containing clay 
or sandy soils containing humus materials can be difficult to process. 

Flotation can achieve very high separation rates if the materials are suited to such treatment, but it 1s 
a complex and expensive process. 

Gravity concentration is a highly efficient and well proven technique, but it has a relatively low process 
capacity. 

Wet processes may produce a liquid waste stream requiring treatment or disposal. 
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SOIL WASHING 

Description 

Soil washing is based on the principle of contaminant removal from soil by washing with a solution. 
Washing agents can include water, acids, surfactants, solvents, or chelating agents. Contaminated soil 
is excavated and placed in a reactor for mixing with the extracting solution. Sorbed contaminants are 
transferred to the liquid phase by dissolving, by forming an emulsion, or by a chemical reaction with the 
solution. When extraction is complete, the soil particles are physically separated from the solution, and 
the treated soil can be returned to the excavation. The extractant containing the contaminants requires 
further treatment for recycling or disposal. 

Amtications 

By selecting the appropriate washing solution, soil washing technology can potentially be used to treat 
inorganics, metals, organics, or radionuclides in soil. Application of a soil washing reactor system at 
four sites in the Netherlands demonstrated greater than 80 percent removal efficiencies for polynuclear 
aromatic hydrocarbons (PNAs), cyanides, heavy metals, mineral oil, and halogenated hydrocarbons 
(Assink, 1985). Soil structure and chemistry are important variables in applying the technology 
successfully and require evaluation on a site-by-site basis. 

lnorganics that can be washed from soil with water include soluble salts such as carbonates of nickel, 
zinc, and copper. Dilute solutions of sulfuric, hydrochloric, nitric, phosphoric, and carbonic acid have 
been widely used in industry to extract metal ions by dissolving basic metal salts including hydroxides, 
oxides, and carbonates. Heavy metals can be removed from soils by complexing and chelating agents 
such as citric acid, ethylenediaminetetraacetic acid (EDTA), and diethylenetriaminepentaacetic acid 
(DTPA) (U. S. EPA, 1985, 1987~). Arsenic and selenium removal can be enhanced with the addition of 
oxidizers such as hydrogen peroxide (U. S. EPA, 1986a). 

Organics that can be removed from soil by water washing include low to medium molecular weight 
aldehydes, ketones, and aromatics and lower molecular weight hydrocarbons such as trichloroethylene 
and tetrachloroethylene. Other basic organic groups like amines, ethers, and anilines can be flushed 
from soil by washing with an acidic solution. Surfactants have been employed to enhance the recovery 
of petroleum products and PCBs (U. S. EPA, 1985). Removal of organochlorine compounds by 
extraction with a solvent mixture of toluene, kerosene, and octanol was demonstrated in laboratory 
experiments on sludges from Rocky Mountain Arsenal (A.D. Little, 1988). 

The use of water, inorganic salts, mineral acids, and complexing reagents to extract radionuclides from 
soils and tailings was reviewed by the EPA (U. S. EPA, 1988b). These extraction techniques have been 
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applied as bench-scale or pilot-plant testing for removal of radium and thorium but have not been 
implemented for remediation of a radiologically contaminated site. Water was shown to be ineffective, 
removing only 10 percent of the radium and virtually none of the thorium from soils tested. Inorganic 
salt solutions, mineral acids, and complexing reagents all showed high removal percentages in some 
applications (U. S. EPA, 1988b). 

Advantaaes and Disadvantaaes 

The primary advantage of soil washing is that a variety of types of contaminants can potentially be 
removed from soils in a reactor under relatively controlled conditions. The process is flexible and can 
be designed for specific mixtures of contaminants, although treatment of mixtures may require multiple 
stages using different washing solutions. 

Contaminants are not destroyed but are transferred to the aqueous phase. The technology requires a 
subsequent separation process for liquids and solids and treatment of the resulting solution for recycling 
or disposal. Soil washing may require the addition of potentially hazardous substances as washing 
agents. Residual soil washing chemicals remaining in the soil may also be a problem. 
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SOLIDIFICATION/STABILlZATION TECHNOLOGIES 

Description 

Solidification is a process that mechanically binds contaminants to the solidification agents to reduce 
the contaminant mobility. The process produces a solid matrix of waste with high structural integrity. 
Stabilization usually involves the addition of a chemical reagent to react with the contaminant producing 
a less mobile or less toxic compound. Solidification and stabilization are usually used together to 
immobilize a waste. Two major forms of solidification/stabilization, pozzolanic-based and cement-based, 
have been used extensively to treat hatardous waste (U. S. EPA, 1985, 1986d). More innovative 
solidification/stabilization technologies include mixing with organic polymers and asphalt. 

Ponolanic-Based: This solidification method uses materials that form a solid mass when mixed with 
hydrated lime. Pozzolanic materials include diatomaceous earth, blast-furnace slag, ground brick, and 
some fly ashes. After mixing of the waste and pozzolan, hydrated lime is blended into the mixture. The 
resulting moist mixture is packed into a mold and allowed to cure. 

Cemenf-Based: Cements are often used as binding agents, along with pozzolanic materials, to improve 
the strength and chemical resistance of solidified waste. The types of cement used for solidification can 
be selected to emphasize a particular cementing reaction. Portland cement has been commonly applied 
to stabilization of metals. Masonry cement has been tested for stabilization of radionuclides. 

Polymer Based: Various organic polymers to produce a stable matrix for stabilizing and solidification 
of wastes. This method is innovative. Polymer materials which have been applied include epoxies and 
polyesters. 

Asphalt Based: The waste may be stabilized by mixing with bitumen a mixture of high molecular weight 
asphaltene and malthene hydrocarbons. 

Applications 

Solidification/stabilization is being used for low-level radioactive and RCRA mixed wastes at the Hanford 
nuclear reservation (Sferrazza, 1990). After mixing the wastes with portland cement, fly ash, and clay, 
the cemented wastes are poured into specially constructed near-surface concrete vaults that isolate the 
cement product from the environment (Collins, 1988). The combination of waste solidification and 
placement in concrete vaults is designed to contain the waste materials for at least 10,000 years. 
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Record of Decision (ROD) documents for at least seven Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) sites have identified solidification/stabilization as the remedial 
technology of choice for immobilization of heavy metal contaminants. These sites include the Selma 
Pressure Treating Company, CA; Flowood, MS; York Oil, NY; Chemtronics, NC; Bailey Waste Disposal, 
TX; Mid-State Disposal Landfill, WI; and Love Canal, NY. 

Various solidification/stabilization techniques have been used at DOE sites throughout the United States. 
The 51 3 Solidification Unit at Lawrence Livermore National Laboratory uses cement, EnvirostoneTM, 
PetrosetTM, and AquasetTM to solidify liquid wastes. The Los Alamos National Laboratory uses an 
in-drum solidification technique for immobilization of TRU solid and liquid wastes. Plutonium 
precipitation sludge is immobilized indrum at Mound using portland cement. The Oak Ridge Facility 
uses a fly ash cement to immobilize a treatment pond sludge containing uranium, chromium, nickel, 
cadmium, and technetium. Portland cement is used to immobilize waste sludge in Rocky Flats 
pondcrete and saltcrete processes (Sferrazza, 1990). 

Advantaaes and Disadvantaaes 

Solidification/stabilization is a well established process for reducing the mobility and toxicity of 
hazardous wastes. Solid wastes containing radioactive contaminants are well suited for this process 
as it contains and reduces the mobility of the radioactive materials. Solidification/stabilization processes 
increase the volume of the treated wastes. Organic compounds, if present, often interfere with the 
desired solidification and stabilization process. 
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TRU CLEAN” 

Description 

TRU Clean” is a proprietary soil washing system that uses a mechanically aquitated gravimetric 
separator to reduce the volume of actinide-contaminated soils by concentrating the contaminants. A 
volume reduction of 80% has been achieved on plutonium-contaminated coral sands in a Johnson Atoll 
pilot plant. Volume reductions of up to 95% are projected after system improvements. 

The process is applicable to soils and sludges contaminated with radionuclides. TRU Clean” can 
operate on-site to decontaminate soils, reducing the volume. of radioactive waste. 

Advantaaes and Disadvantaaes 

After processing, there is a volume reduction which may result in substantial cost savings in disposing 
of contaminated soil. 

The primary disadvantage is that the process is based on a proprietary soil washing system, which 
would have to be purchased from a single supplier. 
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TRU/CLEAR" 

Description 

The TRU/Clear" is a proprietary process being developed by Analytical Development Corporation. The 
process is used for the removal of trace levels of alpha-emitting transuranic (TRU) elements from water. 

The technology is based on ferrate ion (FeO,') chemistry with TRU-removal accomplished by 
proprietary chemical additives into specific formulations for specific wastewaters. Ferrate chemistry has 
been studied for many years, but its commercial application has not occurred due to the inability to 
manufacture significant quantities of the material for large-scale use. 

The novel ferrate chemistry which is used by this technology operates via a degradation chemical 
reaction in which the strongly oxidizing ferrate ion reacts with water to an insoluble hydrated ferric oxide, 
hydroxide ions, and oxygen gas: 

FeO," + 0.5 H,O - FeOOH + 2.0 OH- + 0.75 0, 

The rate of this reaction is catalyzed by trace metal ions which may be present in solution. In the 
presence of organic or inorganic reducing agents, the rate of degradation and its stoichiometry can be 
influenced radically as well. The reaction mechanisms discovered to date during investigation of ferrate 
chemistry and application indicate a possible violation of equilibrium solubility behavior as it is 
understood today. The experimental results indicated that transuranic metal elements can be removed 
using this chemistry to lower concentrations in solution than can be predicated by equilibrium solubility 
constants which are empirically measured. It is believed that several mechanisms are operating 
simultaneously in the system which contribute to the overall removal characteristics of the technology, 
including localized kinetically controlled reactions. These mechanisms are being investigated presently 
in conjunction with the engineering development of the technology. The total engineering effect of these 
mechanisms and properties is precipitative removal of transuranic elements from wastewater to 
unprecedented low concentrations, not predictable by standard analysis. 

ADDI ication 

The process is used for removing uranium and transuranic elements such as plutonium and americium 
from wastewaters. The process uses conventional precipitation and clariiication equipment. 
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Advantaaes and Disadvantaaes 

This technology may offer the ability to remove radionuclides to lower levels than achievable with 
conventional precipitation processes. It is also reported to produce much less sludge than conventional 
processes. 

The primary disadvantage is that the process is based on a proprietary chemical, which would have to 
be purchased from a single supplier. 

References 

Report Summary of Utilization of TRU/Clear" for Treatment of Waste Streams at Rocky Flats Plant. 
Gold en, Col orad 0. 

Report Summary of Utilization of TRU/Clear" for Treatment of Waste Streams at Feed Materials 
Production Center. Fernald, Ohio. 

Report Summary of Utilization of TRU/Clear" for Pre-treatment of Wastewater at West Valley Nuclear 
Services. West Valley, New York. 

Report Summary of Utilization of TRU/Clear" for Treatment of Low-Level Hazardous Waste Streams at 
Los Alamos National Laboratories. Los Alamos, New Mexico. 

Final Treatability Studia Plan 
Rocky Flats Plant, Golden, Colorado 
EG&GflSP/ZZ099/RZ.B1 07-12-91RlT/2 

June 3,1991 
51.29 



I 
1 
1 
u 
I 
I 
I 
8 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 

ULTRAFILTRATION/MICROFlLTRATlON 

DescriDtion 

This process uses special membrane material in equipment very similar to that used for reverse osmosis. 
The contaminants to be removed may first be chelated to a high molecular weight compound to allow 
them to be removed by filtration. The membrane material used has a much larger pore size than reverse 
osmosis membranes. Operating pressures are much lower, typically 50 to 100 psi versus 400 psi for 
reverse osmosis. 

The most recent technology is based on a crossflow element design. In this process, the influent, or 
feed stream is separated into two effluent streams; the "permeate" or clean stream, and the "concentrate" 
which retains all of the suspended solids rejected by the membrane. Only the permeate actually passes 
through the membrane. The feed and concentrate streams flow parallel to the membrane surface, 
resulting in the term "crossflow." In this type of element, the solids are swept away with the concentrate, 
eliminating or greatly reducing the potential for the element to plug. 

ADDlication 

The process is applicable to wastewaters that contain contaminants in particulate form. For example, 
plutonium is often present as particulates that can be removed by this process. Ionic contaminants may 
also be removed if they are first complexed to high molecular weight compounds. 

Dissolved metals and radionuclides can also be removed by this process if they are first precipitated 
in a pretreatment process step. 

Advantaaes and Disadvantaaes 

This process offers the advantage of improved removal efficiencies over conventional filtration. The 
process is easily automated, and pre-engineered package systems are readily available. 

The primary disadvantage is relatively higher costs over conventional filtration. 
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ULTRAVIOLET PHOTOLYSIS 

DescriDtion 

Ultraviolet (UV) photolysis is a process that destroys or detoxifies hazardous chemicals in aqueous 
solutions utilizing UV irradiation. Also, photodegradation can be applied to contaminated soil matrices 
upon proper exposure to the UV source. Adsorption of energy to the UV spectrum results in a 
molecule’s elevation to a higher energy state, thus increasing the ease of bond cleavage and 
subsequent oxidation of the molecule. Ultraviolet photolysis can either be carried out by an industrial 
UV light source or solar UV light concentrated onto a reactor. 

Amlication 

Ultraviolet photolysis is used on chlorinated aromatic compounds including PCBs and PCDs, organics, 
and pesticides. UV photolysis is used in wastewater, sludges, and soils. 

Advantaaes and Disadvantaaes 

The major advantage of UV photolysis is the reduction of toxicity and volume of a specific contaminant. 

A disadvantage of UV photolysis is that the products of the photochemical reaction can be more 
hazardous than the original contaminant. 
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ACTIVATED CARBON 

Descridion 

Granular Activated Carbon (GAC) adsorption is based on the attraction of organic molecules in solution 
to the surface of the activated carbon. The adsorption process is dependent on the strength of the 
molecular attraction between the carbon and the organic contaminant, the type and characteristics of 
the carbon, and the pH and temperature of the solution. Nonpolar organic compounds of low water 
solubility are most easily adsorbed (U. S. EPA, 1986a). 

GAC adsorption is one of the most frequently used techniques for treating aqueous streams 
contaminated with organics. The carbon is placed in columns that are operated until the effluent 
concentration reaches unacceptable levels. At this point the carbon has become saturated with the 
contaminants and must be regenerated for reuse. The carbon is generally regenerated thermally. 
Pretreatment is typically required for removal of oil, grease, and suspended solids. 

AoDlications 

GAC adsorption is an effective process for removing a variety of organics from water. It has been 
successful for carbon tetrachloride, chloroform, DDT, benzene, acetone, methylene chloride, phenol, 
trichloroethylene, and xylene among others (U. S. EPA, 1985). In general, GAC can reduce these 
contaminants from mg/L concentrations to low ug/L concentrations. 

The Rocky Mountain Arsenal has used GAC adsorption extensively for treatment of groundwater (PMSO, 
1987a, 1987b). Contaminants removed include trichloroethylene, dibromochloropropane, 
diisopropylmethyl phosphonate, dicyclopentadiene, and various pesticides such as dieldrin and aldrin. 

Advantaaes and Disadvantaaes 

GAC adsorption is a well known and developed technique for removing organic contaminants from 
water. The adsorbability varies between different classes of organics, but most of them can be removed 
by this method. The major disadvantage of GAC adsorption is that it requires energy-intensive 
regeneration or disposal of the carbon, and large amounts of carbon are required for poorly adsorbable 
compounds, such as chlorinated volatile organics. Residuals include spent carbon and/or waste 
streams from the regeneration process. 
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AIR STRIPPING 

DescriDtion 

Air stripping is a proven technology for removing volatile and semivolatile organic contaminants from 
water. The process involves transferring liquid phase contaminants to the vapor phase (U. S. EPA, 
1986a). This is accomplished by applying liquid to the top of an air stripping column (tower), 
countercurrent to upflowing air. The tower is filled with packing that provides a large surface area to 
enable efficient mass transfer between the two phases. Contaminants are stripped from water to air 
depending on their relative volatility. Strippability is generally evaluated based on the Henry’s Law 
constants of the compounds to be removed. The water concentrations of each compound decrease 
as they pass through the column. The removal efficiencies can be increased by increasing the height 
of the packed tower or the number of mass transfer units. Process efficiency is also dependent on the 
air:water ratio; a higher air:water ratio will improve removal efficiencies. 

Since air stripping involves transfer of contaminants to the gas phase, air emission treatment is generally 
required. Vapor phase activated carbon systems are most commonly used for this purpose, but other 
alternatives, such as oxidation and incineration, exist. The vapor phase treatment unit may be costly. 

Awlications 

The applicability of air stripping can be determined from the Henry’s Law constants of the compounds 
to be removed. Generally, compounds with Henry’s Law constants higher than that for chloroform 
(H = 2.9 x 10” atm3/mole) are considered suitable for air stripping, but less volatile compounds may 
be removed at high air:water ratios. Low molecular weight halogenated organics are easily removed 
in this process, while it is somewhat less efficient for removal of semivolatile aromatics such as benzene. 
Two of the major volatile organic contaminants in Rocky Flats water, trichloroethylene (TCE) and vinyl 
chloride, have Henry’s constants higher than that for chloroform, and the value for tetrachloroethylene 
is insignificantly different than that for chloroform (Kavanaugh and Trussel, 1980). 

Studies by Fang and Khor (1989) show that removal efficiencies as high as 99.8 percent can be 
achieved by air stripping of volatile organics, such as vinyl chloride, carbon tetrachloride, TCE, 
1,l -dichloroethane, toluene, chloroform, benzene, and xylene. High removal efficiencies for removal of 
these compounds are also reported by the American Water Works Association.’ 

’Occurrence and Removal of Volatile Oraanics Comoounds from Drinkina Water. AWWA Research 
Foundation. 
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Advantaaes and Disadvantaaes 

The major advantages of air stripping are ease of operation and high removal efficiencies for volatiles. 
Disadvantages of this technology are that efficient treatment is limited to volatiles, and transfer of 
contaminants to the vapor phase generally makes costly emission treatment necessary. 
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ALKALINE CHLORINATION 

DescriDtion 

The alkaline chlorination process oxidizes cyanide (CN) by the addition of chlorine. The initial reaction 
forms cyanogen chloride (CNCI) and is instantaneous at all pH levels (Eckenfelder 1989). One part 
cyanide requires 2.73 parts of chlorine to form CNCI. With the addition of caustic, sodium cyanate 
(NaCNO) is formed from CNCI via a pH dependent reaction. NaCNO is then further oxidized with the 
addition of chlorine to carbon dioxide and nitrogen. Alkaline chlorination can be accomplished in either 
batch or continuous mode. 

Amlication 

The principal use of alkaline chlorination is for the treatment of wastewater streams containing free and 
complex cyanides. Process streams from mining and manufacturing indicate most usage of this 
technology. 

Advantaaes and Disadvantaaes 

The primary advantage of alkaline chlorination is that it is a proven technology which can be applied 
to ground and surface water matrices. 

The disadvantage of alkaline chlorination is that the reaction is slowed down or inhibited when there is 
a presence of organic and oxidizable metals. 
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DescriDt ion 

The AOSTRA Taciuk process is a thermal technology for removal of volatile organics from solids and 
sludges. The AOSTRA Taciuk unit consists of a compartmentalized, horizontal, rotating drum where 
volatilization of organics, pyrolysis of residuals, oxidation of coked organics and heat recovery are 
sequentially performed in successive chambers of the unit. Soil fed to the unit is warmed in the first 
chamber, where volatiles are evolved. Vapors from this step are recovered and condensed. The 
resulting condensate consists of organic and water phases which are separated. The soil then moves 
into the higher temperature pyrolysis zone, where organics are vaporized and thermally cracked. 
Vapors from this step are recovered and condensed. Soil treated in this step is coated with coke. The 
coked soil moves into the oxidation zone, where the coke is burned off. The soil then moves to the heat 
recovery zone, where heat from the treated soils is used to heat incoming soils. Off gas for treatment 
consists of combustion air used to heat the unit and flue gas from the soil oxidation step. 

Amlications 

The process is applicable to soils and sludges contaminated with organic compounds. Most of the 
organics are vaporized or pyrolyzed and recovered for disposal. Organics which are not volatile enough 
to be driven off in the first step are pyrolyzed (thermally decomposed without oxygen). It is probable 
that gaseous pyrolysis products will be more toxic than the original organic contaminants. The degree 
of decontamination achieved by the process will depend on the volatility of the organics in the soil. 

Advantaaes and Disadvantaaes 

The main advantage of the AOSTRA Taciuk process is its lower operating costs. The process uses fuel 
only to heat the soils and volatilize and pyrolyze organics. The organic contaminants are not destroyed; 
no excess air is used for incineration of the organics. Off gas cleanup costs and fuel consumption are 
lower for the AOSTRA Taciuk process than for typical incineration technologies. The technology was 
originally developed for enhanced oil recovery from tar sands and is considered proven and 
commercially available. 

The process produces organic residuals which will require treatment and/or disposal. Since the 
recovered organic residuals will be partially products of pyrolysis, it is probable that some constituents 
of the recovered organics will be more toxic than the constituents originally in the waste. Applicability 
of the process to a particular site will require treatability testing. 
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CATALYTIC DECHLORINATION 

DescriDtion 

Catalytic dechlorination uses hydrogen gas to react with halogenated organic compounds at high 
pressure. Catalysts are used to promote the reaction. The process produces off gas and a liquid 
effluent. The off gas contains hydrogen and hydrogen chloride gas and requires treatment prior to 
release. The liquid contains partially dechlorinated hydrocarbons and hydrochloric acid and also 
requires treatment. 

Atmlications 

The process is applicable to polychlorinated organic compounds in liquids and gases. The waste feed 
may require pretreatment to remove sulfur and other constituents which may poison the catalysts. 
Catalytic dechlorination achieves partial destruction of chlorinated compounds. The process is 
applicable to conditions which require reduction of toxicity of the waste stream. The highest 
demonstrated removal efficiency is 94 percent. 

Catalytic dechlorination is not applicable to volatile organics, metals or radionuclides. Metals and 
inorganics interfere with the process and must be removed before treatment. 

Advantaaes and Disadvantaues 

The primary advantage of the process is its applicability to polychlorinated organics. Catalytic 
dechlorination is useful for reducing the toxicity of compounds such as PCBs, dioxins and 
polychlorinated benzenes. 

The process does not achieve a high degree of destruction efficiency. It has been demonstrated at the 
bench scale and in a prototype commercial reactor, but no commercial operating experience exists. 
Catalytic dechlorination is applicable to a limited number of polychlorinated compounds. Effluent from 
the process probably would require further treatment. It is expected that some catalysts used in the 
process may be toxic. Costs for implementing the process are unknown. 
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CATALYTIC OXIDATION 

Descridion 

Catalytic oxidation is used to destroy organic compounds in a gaseous medium. The catalyst lowers 
the activation energy of the oxidation reaction so that combustion of organic constituents occurs at 
lower temperatures. The lower operating temperature results in lower fuel consumption than for other 
incineration technologies. Heat released by oxidation of the organic constituents can be recovered to 
preheat gases entering the catalyst bed. If the heat released by the oxidation reaction is not sufficient 
to maintain the catalyst bed temperature, supplemental energy, in the form of resistance heat or 
additional organics in the gas stream, is required. 

Amlications 

Catalytic oxidation is applicable to a wide range of organic constituents in gaseous media. Most 
catalysts are poisoned (deactivated) by sulfur or halogens in the gas stream. However, catalysts which 
can be used for chlorinated hydrocarbons have been developed recently. Catalysts have an upper limit 
to their operating temperature above which damage to the catalyst occurs. Since the heat of 
combustion raises the temperature of the catalyst bed, the rate of heat release must be controlled to 
avoid damage to the catalyst. This is commonly done by controlling the concentration of organic 
contaminant in the incoming gas stream. 

The process is not applicable to metals or radionuclides. Some gaseous inorganics poison some 
catalysts. The system is not applicable to gas streams with significant heat value (thermal incineration 
or condensation of organics would be better). Catalytic oxidation is not applicable to gas streams 
containing particulates. 

Advantaaes and Disadvantaaes 

The primary advantages of catalytic oxidation are its low operating cost and applicability to a variety of 
organic constituents. The technology is well developed and commercially available. Catalytic oxidation 
can be used in combination with technologies which produce an off gas containing organics. 

Catalysts are sensitive to temperature and gas composition. The catalytic oxidation process can be 
difficult to control if the gas composition is variable. Relative humidity of the gas stream has a large 
effect on some catalysts. Off gases containing halogens or sulfur probably will require treatment for 
control of acid gases. It would be relatively difficult to bench test an actual gas sample under conditions 
similar to those in the field. 
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ELECTRODIALYSIS 

Description 

Electrodialysis is a membrane separation process that can be used to remove ionic species from a 
water stream. A typical electrodialysis cell consists of an anode and a cathode separated by an anion 
permeable membrane near the anode and a cation permeable membrane adjacent to the cathode. An 
electrical current is applied across the cell. As the water flows through the channel between the two 
membranes, the positively charged ions are drawn through the cation permeable membrane to the 
cathode. Likewise, the negatively charged ions are drawn to the anode. As a result there is a significant 
reduction in ionic species concentration in the intermediate channel containing the treated effluent 
(Weber, 1972). An electrodialysis system generatly consists of many thin cells stacked in parallel. The 
resultant waste side stream of anion and cation concentrated water requires further treatment or 
disposal. Periodic cleaning of the system can be performed by reversing the electrolytic potential 
across the cells. 

Amlications 

Electrodialysis can be applied as a treatment method to contaminants including metals and inorganics 
that are charged species in water. Electrodialysis has been extensively used on a commercial scale for 
desalination of water (Buros, 1989). Treatment of metal-bearing hazardous waste streams, such as 
plating wastes, is another typical application for electrodialysis (Grosse, 1986). 

Advantaaes and Disadvantaaes 

Electrodialysis is an effective method for concentrating some charged species from a waste stream into 
a reduced volume of wastewater. Compared to reverse osmosis, the membranes used in electrodialysis 
are more tolerant of the chemical environments of waste streams and are easier to clean (Buros, 1989; 
Grosse, 1986). 

Contaminants are not destroyed by electrodialysis, but are concentrated into a lower volume waste 
stream that requires treatment and disposal. Pretreatment of some influent streams may be required 
to prevent membrane fouling. 
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EVAPORATION 

Description 

Evaporation is used to remove a volatile liquid from a non-volatile liquid or dissolved solid. Evaporation 
involves the addition of heat and/or application of a vacuum to volatilize the liquid. The evaporated 
liquid is condensed (usually the heat of condensation is recovered to preheat incoming liquid) and 
recovered for reuse or disposal. The non-volatile constituent becomes concentrated in a solution of 
residual liquid. In some applications, the waste may be evaporated to the extent that solids precipitate. 

Amlications 

Evaporation is used to decrease the volume of a waste to be treated and/or disposed. Evaporation 
does not treat the hazardous constituents. Evaporation is applicable to volatile liquids containing 
(relatively) non-volatile solutes, where the solvent and solute are stable at the evaporation temperature. 
Organics, inorganics, metals and radionuclides may be treated by this process. The concentrate 
produced will require further treatment in most cases. 

Evaporation is not suitable for application to cases in which the solvent and solute(s) have similar 
volatilities. 

Advantaaes and Disadvantaaes 

The primary advantage of evaporation is that it reduces the volume of waste requiring treatment, thus 
lowering treatment costs. Evaporation is well known, mature technology, available from a large number 
of vendors. It is applicable to a variety of conditions. 

The main disadvantage of evaporation is that it has relatively high operating costs. Evaporation 
concentrates hazardous constituents in a brine requiring further treatment. 
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FLUIDIZED BED INCINERATION 

Description 

Fluidized bed incineration uses air blown upward though the combustion zone of the incinerator to 
fluidize a bed of sand, or other granular media. The result is a highly turbulent combustion zone with 
a large heat capacity. Waste material, including solids, liquids, sludges or gases, is injected directly into 
the fluidized bed. Volatiles are driven out of the waste and oxidized. lnerts accumulate in the fluidized 
bed. Bed material is occasionally drained from the fluidized bed to maintain an acceptable pressure 
drop across the bed. The operating temperature of the fluidized bed is limited by the softening point 
of the inerts in the feed material. If the operating temperature exceeds the softening point, 
agglomeration of bed media into particles too large to fluidize may occur. Combustion efficiency suffers 
when bed agglomeration occurs to an appreciable degree. 

Awlications 

Fluidized bed incineration may be applied to organics and some inorganics in water, sludges, solids or 
gases. Treatment of off gases for control of emissions is required. Wastes containing metals may 
require treatment of drained bed media to immobilize the metals. 

The process is not applicable to wastes with low softening points. Fluidized bed incineration has a 
neutral effect on metals and non-volatile radionuclides, though the technology has been used for volume 
reduction of low level radwastes composed primarily of combustible material (such as paper or 
graphite). The technology is not applicable to materials containing volatile or semivolatile metals. 

Advantaaes and Disadvantaaes 

Fluidized bed incineration is applicable to a wide variety of organic constituents. It is a well understood, 
commercially available technology. The high degree of turbulence in fluidized bed incinerators allows 
them to achieve the same degree of combustion efficiency with lower operating temperatures. Because 
of this, fluidized beds frequently have lower operating costs than other incinerators under similar 
conditions. 

The technology has a neutral effect on most inorganics. It is not applicable to volatile or semivolatile 
metals nor to wastes with low softening points. Operating costs are moderately high because of the 
power required to fluidize the bed media. Wastes with little or no heating value require addition of 
supplemental fuel. Pilot testing is readily accomplished through a number of vendors, but bench testing 
is uncommon and of questionable value. 
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FREEZE CRYSTALLIZATION 

DescriDtion 

Freeze crystallization is a general separations process used to remove pure components from solutions 
by crystallizing the materials to be removed. This process has been used for applications as diverse 
as organic chemical refining and fruit juice concentration, and is also suited for treating hazardous 
wastes. 

The basic operation involved is the production of crystals by removing heat from a solution. Crystals 
produced in this manner invariably have very high purities. Once small, uniform crystals have been 
produced, they must be washed to remove adhering brine. The brine is recycled to the crystallizer, so 
that as much solvent as desired can be recovered. The pure crystals are usually melted in a heat-pump 
cycle, which further improves the energy efficiency of the process. 

When one or more of the solutes exceeds its solubility, additional crystal forms are produced, but they 
are formed separately from each other and from the solvent crystals. Since in most waste applications 
the solvent is water, and ice is always less dense than the solution and the solutes usually more dense, 
it is easy to separate these crystals by gravity. 

Amlications 

The process works on aqueous streams containing heavy metals, all types of dissolved organics, and 
radioactive materials. This technology can also be used to process the liquid stream from soil washing 
operations. 

The process is economically and technically competitive on very contaminated streams. For example, 
wastes with heavy metals require concentration of 1,000 to 10,000 mg/l to be economically recoverable 
with freezing. 

Advantaaes and Disadvantaaes 

Freeze crystallization has several advantages for remediation and waste recovery applications. First, 
it is a very efficient volume reduction process, producing a concentrate that has no additional chemicals 
added to it - if disposal in a hazardous waste landfill, or incinerator destruction is required, this will 
reduce these costs substantially. When a large fraction of the solvent (usually water) is removed from 
a waste, the remaining impurities often begin to crystallize as well - they are often sufficiently pure to 
have by-product value for resale. 
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The main disadvantage of this process is its relatively high cost for treating streams with low 
concentrations of contaminants. The process is also relatively complex, requiring numerous pieces of 
equipment, compressors, heat exchangers, and pumps. 
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GAMMA IRRADIATION 

DescriDtion 

This technology uses ionizing gamma radiation to decompose organic compounds. The media 
containing the organic constituents is exposed to a source of gamma radiation. The radiation excites 
the organic constituents to a higher energy state, which causes them to decompose. Gamma irradiation 
has been successfully applied to disinfection of sewage sludge. The process has been demonstrated 
to be effective for destruction of chlorinated hydrocarbons. 

Amlications 

Gamma irradiation is applicable to disinfection of sewage sludge and destruction of organic constituents, 
particularly chlorinated hydrocarbons. Exposure of organic compounds to gamma radiation produces 
partially decomposed organic compounds as well as hydrogen, oxygen and chlorine. Treatment of off 
gases produced by the technology would be required. It is possible that some of the partially 
decomposed organics may be more toxic than the original constituents. 

Some organics are not amenable to treatment by gamma irradiation. Treatability testing would be 
required prior to application of the technology in the field. The process has no reported effect on heavy 
metals or radionuclides. 

Advantaaes and Disadvantaaes 

Gamma irradiation is a proven technology for disinfection of sewage sludge. The process has also been 
demonstrated to be effective for destruction of some organic constituents, particularly chlorinated 
hydrocarbons. The process seems well suited for application to sewage sludge contaminated with 
halogenated organics. The process may also be used for treatment of water or sludges contaminated 
with halogenated organics and which may foster unwanted biological activity. It is expected that bench 
testing should be available for this technology. The results of bench testing will probably be 
representative of the effectiveness of the process. 

The process appears limited in the scope of its applicability. The gamma irradiation process produces 
off gas which will require treatment. It is not clear what destruction efficiencies are achievable or what 
the costs of the process are. 
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GLASSIFICATION/VITRlFlCATlON AND IN-SITU VITRIFICATION 

Descrbtion 

Vitrification of wastes involves combining the wastes with molten glass at a temperature of 1,350°C or 
greater. However, the encapsulation might be done at temperatures significantly below 1,350°C (a 
simple glass polymer such as boric acid can be poured at 850°C). This melt is then cooled into a 
stable, noncrystalline solid (U. S. EPA, 1985). 

One variation on this process is in-situ vitrification (ISV) in which wastes and soils or sludges are melted 
in place to bind the waste in a glassy, solid matrix resistant to leaching. In the ISV process, four 
electrodes are inserted into the soil to the desired depth. A glass frit is placed between the electrodes 
to act as a starter path for the initial melt to form. As the melt grows downward and outward, it 
incorporates nonvolatile elements and destroys organic components by pyrolysis. The pyrolyzed 
by-products migrate to the surface of the melted zone where they combust in the presence of oxygen. 
Inorganic materials are dissolved into or are encapsulated in the melt. Convective currents within the 
melt uniformly mix materials that are present in the soil. When the electric current ceases, the molten 
volume cools and solidifies into a vitrified mass. A hood placed over the processing area provides 
confinement for the combustion gases, drawing the gases into an off-gas treatment system. 

Amtications 

Vitrification is best used for soils with a high concentration of contaminants or with contaminants that 
must be completely immobilized (such as radioactive species). To be considered for vitrification, the 
wastes should be either stable or totally destroyed at the process temperature (U. S. EPA, 1985). 

In-situ vitrification will work with fully saturated soils; however, the water in the soil must be evaporated 
before the soil will begin to melt. Soils with permeabilities greater than cm/sec are difficult to vitrify 
in the presence of flowing groundwater and, therefore, some type of groundwater diversion may be 
necessary. If buried metals, such as drums, occupy over 90 percent of the linear distance between 
electrodes, a conduction path that leads to electrical shorting between electrodes may result. 

Several vitrification facilities for treatment of radioactive wastes are currently under development. The 
Hanford Waste Vitrification Plant is designed to fuse high-level radioactive mixed wastes into a glass 
product. The facility is expected to be Completed by mid-1991. The Defense Waste Processing Facility 
will use vitrification for the immobilization of high-level waste from the Savannah River Site. This facility 
is almost complete, with cold testing scheduled for September 1990 and hot start-up planned for 
January 1982. The West Valley Nuclear Services Co. has constructed a vitrification system as part of 
the West Valley Demonstration Project. The vitrification system has completed a 5-year period of testing 
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using simulated wastes and is currently being renovated. West Valley is preparing a Part A Radioactive 
Mixed Hazardous Waste permit for the facility (Sferrazza, 1990). 

The Idaho National Engineering Laboratory is evaluating the feasibility of using in-situ vitrification for 
treatment of buried wastes at this facility. The process has undergone laboratory and engineering scale 
tests at the Pacific Northwest Laboratory, where the equipment was developed, and has been applied 
once at the Idaho National Engineering Laboratory on a small test area. Starting in 1992, three larger 
scale tests are planned (Sferrazza, 1990). 

Advantaaes and Disadvantaaes 

The primary advantage of vitrification is that it effectively immobilizes nonvolatile species in a solid that 
is very durable and resistant to leaching. Disadvantages of this technology are related to its high cost, 
which is the result of the large amount of power that is required to melt the glass or soil and the need 
for specialized equipment and trained personnel (U. S. EPA, 1985). The presence of high moisture 
content or high organics may also hinder operation. Significant concentrations of combustible gases 
may also produce a safety hazard. This process may need an offgas collection and treatment system 
for volatile and semivolatile organics and volatile metals. 
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INFRARED ELECTRIC FURNACE 

Description 

The infrared electric furnace uses infrared radiation (IR, or heat) to volatilize organic constituents in a 
waste feed. The off gas from the process is then treated by an afterburner and particulate and acid gas 
scrubbers. Different types of infrared electric furnaces are available. The type which has been most 
thoroughly demonstrated uses a moving woven wire belt to move the waste through a furnace. The 
furnace is heated by electric elements which generate radiant heat. The waste is spread on the belt in 
a layer approximately one inch thick. Objects fed to the infrared electric furnace should be less than 
two inches in diameter. Some waste materials will require pretreatment to be acceptable for feeding 
to the furnace. In most applications, no combustion takes place in the furnace. Organics are volatilized, 
and possibly pyrolyzed, in the furnace and oxidized in the afterburner. 

Amlications 

The infrared electric furnace is applicable to organic constituents in sludges and solids. Wastes 
containing large objects will require feed preparation prior to treatment in the infrared electric furnace. 
Because little excess air is used in the furnace, energy requirements of the infrared electric furnace are 
lower than for other thermal treatment technologies. Wastes containing metals may require treatment 
of solid residuals to immobilize the metals. 

The process has a neutral effect on metals and radionuclides. The techno\ogy is not applicable to 
materials containing volatile metals. 

Advantaaes and Disadvantaaes 

The infrared electric furnace is applicable to a wide variety of organic constituents. It is a developed, 
commercially available technology. The technology has relatively low operating costs compared with 
other thermal technologies, because it has lower fuel consumption due to the smaller volume of off gas 
generated. Off gas cleanup costs are less in some cases because particulate carried out of the furnace 
is lower than other thermal technologies. The infrared electric furnace may be better suited for treatment 
of wastes containing semi-volatile metals than other thermal methods because it operates at a lower 
temperature. It is likely that the infrared electric furnace may be successfully bench tested. 

The technology has a neutral effect on most inorganics. It is not applicable to volatile metals. The 
technology may not be effective for some non-volatile or semi-volatile organics. 
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IN-SITU BlOREMEDlATlON OF GROUNDWATER 

Description 

In-situ aerobic biological treatment of groundwater involves the stimulation of biological growth in the 
contaminated zone in order to reduce the contaminant concentrations. Microorganisms that can use 
some or all of the contaminants as substrate will normally exist in a contaminated environment. The 
microorganisms are stimulated to increase their biological growth and consumption of contaminants 
through addition of an oxygen source and essential nutrients and micronutrients. Anaerobic processes 
also exist. 

The aerobic in-situ treatment system generally consists of injection wells for injecting an oxygen source 
and required nutrients and extraction wells for monitoring and recovering by-products. The most 
common oxygen source is dilute hydrogen peroxide. Inocula of acclimatized bacteria may be added 
as needed. The treatment efficiency is measured in terms of contaminant reduction, dissolved oxygen, 
and bacterial growth. 

In-situ treatment may also be carried out as an anaerobic process. This requires that anaerobic 
conditions are established in the contaminated zone. The operation of such a system is essentially the 
same as for the aerobic, except that no oxygen addition is involved. The anaerobic and aerobic in-situ 
processes may also be combined and operated in series. 

Applications 

In-situ biodegradation has been used for various applications such as gasoline spills and wood-treating 
wastes containing semivolatile and nonvolatile organics (U. S. EPA, 1986c, Litchfield, 1986). While it was 
previously thought that trichloroethylene (TCE) was only anaerobically degradable, recent in-situ studies 
have demonstrated that TCE can also be treated aerobically in-situ (Roberts et at., 1989). 

Even though most compounds can be biologically degraded, it should be noted that in-situ treatment 
is dependent on other process-controlling factors such as geological and hydrological conditions. 

Advantaaes and Disadvantaaes 

The major advantages of in-situ biological treatment are: 

No sidestreams generated 
Can be carried out in place 

Only environmentally safe compounds are added 
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Relatively inexpensive operation. 

Disadvantages include: 

Level of cleanup generally less than for aboveground treatment trains 
May be difficult to control 
Difficult to treat broad mixtures of compounds. 
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IN-SITU BlOREMEDlATlON OF SOILS 

DescriPtion 

In-situ biological treatment of soils involves stimulating existing or introduced soil microorganisms that 
will use organic contaminants in the soil as a substrate for growth. Both aerobic and anaerobic 
degradation of contaminants is possible in-situ depending on the availability of oxygen. In both cases, 
stimulation of biological growth and consumption of contaminants is typically achieved by the addition 
of essential nutrients such as ammonia and phosphate. Depending on the depth of soils to be treated, 
nutrient solutions can be added by sprinkling and subsequent infiltration or by a system of injection 
wells. Stimulation of aerobic degradation also requires the addition of an oxygen source such as 
hydrogen peroxide for the soil microorganisms. Extraction wells are typically installed for monitoring 
and recovery of by-products (U. S. EPA, 1985, 1986~). 

Amlications 

In-situ biological treatment is particularly useful where soil excavation is difficult or extremely expensive. 
The method has usually been applied as part of a combined in-situ treatment of organics in soils and 
groundwater at a site. Soil and groundwater contamination from spills of gasoline and other petroleum 
products has been successfully treated by in-situ bioreclamation to where aquifer contamination from 
the site was below drinking water standards or was nondetectable (U. S. EPA, 1985). An in-situ 
biological treatment system at Kelly Air Force Base demonstrated significant degradation of aliphatic 
hydrocarbons and chlorinated aromatics in soils and groundwater (Wetzel et al., 1986). These 
applications used aerobic degradation; anaerobic biodegradation for in-situ applications is more difficult 
because of problems in maintaining an oxygen-free environment and because of temperature sensitivity 
of the microbes. Even though most organic compounds can be biologically degraded, it is important 
to note that the applicability of in-situ biological treatment is very dependent on geologic and hydrologic 
conditions at the site. 

Advantaaes and Disadvantaaes 

In-situ biological treatment of soils can be carried out in place and is, therefore, relatively inexpensive. 
Only environmentally safe compounds are added in the treatment, and no side streams are generated. 
The in-situ process may be difficult to control and the level of cleanup is generally lower than for more 
controlled aboveground treatment trains. Treatment of a broad mixture of contaminants can also be 
problematical. 
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IN-S ITU STAB I LlZATlON 

DescriDtion 

Solidification is a process that produces a monolithic block of waste with high structural integrity. The 
contaminants do not interact chemically with the solidification agents but are mechanically bonded. 
Stabilization involves the addition of reagents which limit the solubility or mobility of the waste 
constituents. Solidification and stabilization techniques are often used together. 

The in-situ process is done by injecting the stabilization and solidification agents directly into the soil. 
Specially designed equipment is available for this purpose. 

Amlication 

Potential applications include in-situ remediation of soils containing metals and radionuclides. The 
process has also been considered for hydrocarbon contamination. The process is particularly 
applicable to highly porous and permeable matrices. 

Advantaaes and Disadvantaaes 

This technology is potentially more economical than similar process that are based on excavation and 
above-ground treatment. Potential problems due to fugitive dust emissions are eliminated. 

While the process may work initially, its long-term effectiveness is unknown. Using this process is very 
site-specific, and local site conditions must be well defined. Monitoring and control of the process may 
also be very difficult. 
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LAND TREATMENT 

DescriDtion 

Land treatment involves application of waste onto soil in order to stimulate biodegradation of organic 
matter and hazardous constituents in the waste. Land treatment is both a treatment method and a 
disposal method. As such, consideration must be given to the Land Disposal Restrictions of Title 40 
of the Code of Federal Regulations, Part 268 (Land Ban). Constituents restricted from land disposal 
under Land Ban may not be treated by this method. 

Amlications 

Land treatment can be used for treatment of organic constituents which are amenable to 
biodegradation. However, Land Ban prohibits land disposal of hazardous wastes unless the wastes 
meet the treatment standards published in 40 CFR 268. Organic constituents not restricted from land 
disposal under Land Ban may be treated. 

Land treatment is not applicable to organic constituents which are not amenable to biodegradation. 
Examples include PCBs, dioxins and certain pesticides. Land treatment has no effect on metals or 
radionuclides. 

Advantaaes and Disadvantaaes 

The primary advantage of land treatment is its low cost for implementation compared to other 
bioremediation methods and to incineration methods. 

Land treatment is very limited in its applicability by Land Ban regulations. The effectiveness of the 
treatment method must be tested prior to field application. Bench test results are expected to be of 
limited value. 
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LOW TEMPERATURE THERMAL TREATMENT 

Descridion 

Low temperature thermal desorption is a non-combustion process in which organic contaminants and 
water are volatilized and removed from contaminated soils, sludges, and sediments. A proprietary 
process called X-Trax uses an inert nitrogen carrying gas to prevent combustion. The mobile system 
includes an externally fired dryer trailer and a gas treatment trailer that includes a high energy scrubber, 
two heat exchangers and a series of carbon absorbers. Condensed vapors are stored in tanks, awaiting 
further treatment. 

Amlications 

The process is applicable to soils and sludges contaminated with organic compounds. Most of the 
organics are vaporized. 

The technology is not applicable to metals, radionuclides and some semi-volatile organics. 

Advantaaes and Disadvantaaes 

Raising the soil to temperatures at which the contaminants present undergo decomposition is an 
effective means of contaminant removal. The low temperature thermal treatment system decrease 
energy requirements and simultaneously reduce downstream pollution abatement equipment and 
operations costs. Further treatment of the condensed vapors is a disadvantage. 
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MOLTEN GLASS INCINERATOR 

DescriDtion 

Molten glass incineration uses heat generated from a bath of molten glass to oxidize organic 
constituents and to incorporate inorganics in a vitrified glass matrix. The glass melt may be heated by 
several methods, including overfiring with fuel burners and Joule heating. (Joule heating uses the heat 
produced by electrical resistance when electric current is passed through molten glass.) Air is injected 
in the combustion zone over the melt to induce turbulence and to supply oxygen for the combustion 
process. Ash falls into the melt and is vitriiied. Glass forming materials may be added to the feed to 
mod’ty the glass characteristics such as physical strength and metal ion mobility. Glass, containing 
metals and inorganics, is drawn off periodically and cast into shapes for disposal. Off gases from the 
combustion process must be treated to control emissions of acid gases and particulates. 

Amlications 

Molten glass incineration is applicable to mixed waste streams containing organics, inorganics, metals 
and radionuclides. The technology is applicable to a variety of waste matrices, including liquids, sludges 
and slurries, soils and bulk solids. Molten glass incineration is particularly well suited to treatment of 
metallic radionuclides, since they are vitrified and immobilized in the glass matrix. However, the long 
term disposition of gaseous daughter products produced by radioactive decay (such as radon) is 
unknown. The technology may not be well suited for treatment of wastes containing a volatile or 
semivolatile metals (such as mercury). 

The overall degree of volume reduction achieved by molten glass incineration depends on the nature 
of solids in the waste feed. Wastes containing large amounts of ionic material do not form glass with 
good properties. Such applications will require addition of glass forming material (such as silica sand) 
in order to form an acceptable glass. If the amount of glass formers required is large, it is possible that 
little or no volume reduction, or even a volume increase, may be accomplished. 

The technology may require a large degree of off gas treatment if used to treat wastes with high 
concentrations of bound nitrogen. 

Advantaaes and Disadvantaaes 

The primary advantage of molten glass incineration is its applicability to a wide variety of components 
and waste matrices. It is commercially available and bench tests may be performed. 
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As with most incineration technologies, molten glass incineration requires off gas treatment in most 
cases. In addition, operating costs for molten glass incineration can be high for some wastes, because 
of refractory corrosion. Energy consumption is moderate for Joule heated units; higher for overfired 
units. 
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DescriDtion 

Sludges or shredded solids are fed to a molten salt bath consisting of sodium carbonate or a mixture 
of sodium and potassium salts. The bath is agitated with air to promote mixing and prevent evolution 
of bulk gases. Organic constituents in the waste are oxidized to carbon dioxide and water. Halogens 
evolved by oxidation of constituents in the waste are captured in the salt bath, as are metals. The need 
for extensive off gas treatment is reduced in this manner. lnorganics and inerts are captured in the salt 

bath. The process produces a salt solution containing metals, if any are present in the waste. 

Amlications 

The process is applicable to a variety of organic constituents in solids and sludges. It is particularly well 
suited to halogenated organics, since the halogens are captured in the salt bath. 

The molten salt/sodium fluxing process is not well suited to use on aqueous wastes due to their 
tendency to flash into steam. It is likely that treatment efficiency would be low for such wastes. 

Metals and inerts are captured in the salt bath, but mobility of metals and radionuclides is not affected 
by this technology. The salt bath may require additional treatment to reduce metal mobility. Molten 
salt/sodium fluxing is not applicable to volatile or semi-volatile metals. 

Advantaaes and Disadvantaaes 

The primary advantages of this process are its applicability to a variety of organics and the reduced 
requirement for off gas treatment. Halogens in the waste are captured in the salt bath, reducing the 
need for acid gas scrubbing. It is expected that bench testing of wastes can be performed by the 
equipment vendor. 

The process has been demonstrated on the pilot scale and is available for application on a commercial 
scale. However, it is not proven on a commercial scale. Operating costs are unknown. 
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MULTIPLE CHAMBER INCINERATION 

Descriotion 

A multiple chamber incinerator is a solid waste furnace which consists of several chambers separated 
by curtain walls. Flue gases moving through the incinerator must make several abrupt changes of 
direction prior to exiting the incinerator. Each change of direction tends to disentrain particulate from 
the flue gas. Waste is charged into the primary chamber, where it stays during the combustion process. 
If the waste does not contain enough heating value, auxiliary fuel is added in the primary chamber. 
Auxiliary fuel is usually added to the secondary chamber regardless of the heating value of the waste. 
Multiple chamber incinerators tend to be operated in batch mode, however it is possible to fit in-line 
types with automatic ash removal devices and moving grates to allow continuous operation. Multiple 
chamber incinerators are designed to treat solid waste (versus hazardous waste) and to operate without 
air pollution control. 

Amtications 

Multiple chamber incinerators are designed for incineration of solid wastes. The technology is applicable 
to organics in solids. Such devices are not strictly applicable to destruction of hazardous constituents. 
Multiple chamber incineration is used to reduce the volume of solids containing organic material. As 
a result of the volume reduction, metals will tend to be concentrated in the solid residue (ash). The ash 
may require further treatment to reduce metal ion mobility. It may be necessary to design and install 
an off gas treatment system in order to apply multiple chamber incineration. Destruction and removal 
efficiencies have not been measured for hazardous constituents in multiple chamber incinerators. 

Multiple chamber incineration is not applicable to incineration of liquids or gases. The technology is not 
applicable to volatile or semi-volatile metals. It has no effect on other metals or radionuclides. 

Advantaaes and Disadvantaaes 

The primary advantage of multiple chamber incineration is that it is well known, commercially available 
technology. It has relatively low capital costs. The technology may be bench tested. 

The main disadvantage of multiple chamber incineration is that it is not applicable to destruction of 
hazardous wastes. The technology has relatively high operating costs because of the large amount of 
excess air treated. The process will probably require application of off gas treatment. Ash treatment 
will probably be required for solids containing heavy metals or radionuclides. 
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NEUTRALIZATION 

Description 

Neutralization is basically a pH adjustment process intended to achieve an acceptable pH level in an 
aqueous waste prior to discharge. Alkaline chemicals, i.e., sodium hydroxide or lime, are added to low 
pH streams. Acids, typically sulfuric acid, are added to high pH streams. 

Amlication 

This process is generally used with other processes as a pre- or post-treatment step. It is also used 
alone if the original wastewater is either too acidic or too basic. 

Advantaaes and Disadvantaaes 

The process is easily automated using pH control instrumentation and adjustable metering pumps. A 
well designed process control system is required to prevent overfeeding or underfeeding the neutralizing 
chemicals. 

The primary disadvantage pertains to the necessity of handling acids and caustics. 
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OXYGEN ENHANCED INCINERATION 

Description 

Oxygen enhanced incineration uses a specialized burner in conjunction with a rotary kiln for destruction 
of organic constituents in wastes. The burner uses oxygen or oxygen mixed with air to reduce fuel 
consumption and flue gas flow rates in the incinerator. The oxygen enhanced burner is capable of 
achieving higher temperatures than burners using air. The process has been demonstrated on a 
number of polynuclear aromatic compounds. 

Applications 

The process is applicable to organic constituents in solids, liquids and sludges. The oxygen enhanced 
incinerator uses a burner design which lowers flue gas flow rates for a given feed rate. The burner 
design lowers fuel consumption and allows higher operating temperatures. These factors make the 
oxygen enhanced incinerator particularly suitable for cases where fuel costs are high, oxygen is available 
relatively cheaply, and the waste feed has little or no heating value. The lower flue gas flow rates reduce 
particulate carryover from the incinerator and lower off gas treatment costs. 

As with most incineration technologies, oxygen enhanced incineration has a neutral effect on metals and 
radionuclides. It is not applicable to wastes containing volatile or semi-volatile metals. 

Advantaaes and Disadvantaaes 

The advantages of oxygen enhanced incineration are that it is applicable to a variety of organic 
constituents, it is capable of lower operating costs than other incineration technologies in some cases, 
and that it is demonstrated, available technology. The oxygen enhanced incinerator has been 
demonstrated by EPA on soils containing numerous organic constituents, including polynuclear 
aromatics. Oxygen enhanced incineration technology has lower flue gas treatment costs and higher 
waste throughput than incineration technologies with conventional burners. 

The primary disadvantage of oxygen enhanced incineration is that the burner is more difficult to control 
than conventional burners. If oxygen is not available at reasonable cost, the operating costs of the 
process can be high. Pilot testing is readily accomplished through a number of vendors, but bench 
testing is uncommon and of questionable value. 
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POWDERED ACTIVATED CARBON 

DescriDtion 

The powdered activated carbon treatment (PACT) process incorporates biodegradation and physical 
adsorption to remove organic constituents from an aqueous stream. The reaction is carried out in an 
aeration basin. Powdered activated carbon added to the aeration basin adsorbs organics from the 
wastewater stream and acts as a substrate for microorganism growth. Non-biodegradable components 
remain adsorbed on the powdered activated carbon. A clarifier is used to separate treated water from 
spent powdered activated carbon and biomass. The powdered carbon is regulated until its adsorptive 
capacity is reached after which it is either regenerated or disposed of. 

Amlications 

The process is applicable to aqueous streams with organic constituents concentrations ranging from 
50 to 4,000 mg/l for large systems and up to 10,000 or 15,000 mg/l for snnall systems. Most organic 
constituents will be amenable to either biotreatment or adsorption onto the powdered activated carbon. 
PACT has been shown to reduce chemical oxygen demand by 93.5% and biochemical oxygen demand 
by 99.5%. Bench testing will be required to determine whether similar reduction efficiencies can be 
achieved for specific applications. 

PACT is not applicable to treatment of heavy metals or radionuclides. 'While PACT is not directly 
applicable to contaminated soils, it may be possible to combine the process with soil washing or similar 
technologies. 

Advantaaes and Disadvantaaes 

The primary advantage of PACT is its applicability to a broad variety of organic constituents. It is 
commercially proven technology and is readily available. Vendor equipment is available for on-site 
regeneration of the powdered activated carbon. Bench testing is expected to be readily obtainable. 

One potential disadvantage of PACT is that it may not remove some organic constituents to the degree 
necessary to achieve ARARs. 
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PRECIPITATION 

Description 

Precipitation is the process of making dissolved chemical constituents insoluble so that they can be 
separated from the liquid (U. S. EPA, 1985; Wentz, 1989). Precipitation is usually accomplished by 
adding a chemical that forms an insoluble compound with the target contaminant. Hydroxide and 
sulfide precipitation are commonly used for removing heavy metals. Typical precipitating agents include 
sodium hydroxide, lime, ferric hydroxide, and sodium sulfide. The precipitates are often flocculated into 
larger particles (flocs) with the help of coagulants prior to solids removal. 

Amlications 

The K-1232 Liquid Chemical Treatment Facility at Oak Ridge uses chemical precipitation for removal of 
heavy metals from plating operation aqueous wastes. The treated wastewaters are released under 
NPDES standards (Sferrazza, 1990). 

An iron coprecipitation process has been used at Oak Ridge for removing uranium from nitrate- 
containing wastes and in the Uranium Mill Tailing Remedial Action (UMTRA) program for removing 
uranium, radium, and other contaminants from surface runoff wastes generated during remedial action. 
During pilot-scale testing of this process at Hanford, reduction of uranium in groundwater from 3,460 
ppb to 1 to 7 ppb was demonstrated (Hodgson, 1989). 

Advantaaes and Disadvantaaes 

Chemical precipitation systems are relatively simple to operate and equipment and chemicals are readily 
available. However, the method generates a sludge that requires further treatment or disposal. If 
present, organometallic complexes may inhibit precipitation of the metals. There is no upper 
concentration limit for treatment but the lower concentrations are limited by equilibrium solubilities of 
the individual precipitates. The removal efficiencies are determined by the solubility products of the salts 
formed. However, some contaminants may be coprecipitated with the sludge that is formed, and may 
be removed to concentrations below their solubility limits. Treatability testing is generally required. 
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RADIO-FREQUENCY HEATING 

DescriPtion 

Radio-frequency (RF) heating is an in-situ technology for volatilizing organic constituents in soil. 
Electrodes are installed in the contaminated zone and RF energy is applied to the soil. Through 
mechanisms of ohmic and dielectric heating, the soil temperature is raised and volatile and semi-volatile 
organic constituents are volatilized. Provisions are made for collection and treatment of the evolved 
vapors at the soil surface. 

ADDlications 

RF heating is applicable to numerous organic compounds in saturated and unsaturated soils. 
Compounds with boiling points of 500 degrees Fahrenheit or lower are effectively treated with this 
technology. RF heating does not destroy the organics, but facilitates their recovery from the soils by 
volatilization. Recovered organics can be treated by several methods. 

The technology is not applicable to metals, radionuclides and some semi-volatile organics. 

Advantaaes and Disadvantaaes 

The advantages of RF heating include its applicability to numerous compounds and relatively low cost. 
Organic constituents with boiling points of 500 degrees Fahrenheit or less are amenable to treatment 
with this technology. The process is an in-situ method, which reduces the costs of excavation and 
disposal of treatment residue. The capital equipment should be easily relocated for treatment of multiple 
contaminant sites. RF heating has been successfully demonstrated on the commercial scale. 

Disadvantages of the process include the inability to bench test and the high cost of the capital 
equipment. Some high boiling compounds are not amenable to treatment by this technology. 
Installation of the transmission electrodes in the contaminated soil has been identified as a potential 
source for personnel exposure and contaminant dispersion. Field experience is limited to a single full 
scale application. 
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REVERSE OSMOSIS 

DescriDtion 

Reverse osmosis (RO) removes contaminants from aqueous wastes by passing the waste stream, at 
high pressure, through a semipermeable membrane. At typical operating pressures of 200 to 800 psi, 
clean water or permeate is forced through the membrane leaving a concentrated waste stream behind 
as membrane rejection. High pressure acts as the driving force to overcome the osmotic pressure 
created by higher concentrations of solutes in the rejection stream. The process produces a 
concentrated waste stream of reduced volume that requires further treatment or disposal. 

ADrJlications 

Membranes in RO units are typically impermeable to fine particles and many dissolved species. In 
general, good removal can be expected for high molecular weight organics and charged anions and 
cations. Multivalent ions are treated more effectively than univalent ions (U. S. EPA, 1985). 

The RO process has been developed and extensively applied for desalination of brackish waters (Dykes 
and Conlon, 1989) and in treating metal wastes from plating baths (U. S. EPA, 1986a). In addition to 
these more common applications for inorganics and metals, the technology has been applied for 
treating waste streams of organics and radionuclides. 

Removal of organic contaminants from dilute waste streams were reported by EPA (U. S. EPA, 1985). 
Pilot-scale testing of an RO unit demonstrated 90 to 98 percent removal from the permeate for 
1,2-dichIoroethane, chloroform, diethyl ether, and tetrahydrofuran. Trichloroethene, benzene, 
bromoform, hexane, 1,1,1 -trichloroethane, and 1,l dichloroethane showed 99 percent or greater removal 
from permeate. PCBs and pesticides were also successfully removed from groundwater in test 
applications of a mobile RO unit at waste sites in Canada (U. S. EPA, 1986a). 

RO was used by Hodgson and Garrett (1989) to treat groundwater containing a mixture of radioactive 
materials, including uranium and technetium, and nitrate. All contaminants in the effluent stream were 
reduced to concentrations below MCLs. 

Advantaaes and Disadvantaaes 

The primary advantage of RO is that this process can be used to successfully treat different types and 
combinations of contaminants in water to relatively low concentration levels. 
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Disadvantages are that contaminants are not destroyed by this process but are concentrated to a 
smaller liquid volume that still requires treatment or disposal. Pretreatment of the influent stream to 
prevent fouling, plugging, and chemical attack on the membrane is required. 

This process also requires the use of cleaning solutions that will require treatment or disposal. 
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ROTARY KILN INCINERATION 

DescriDtion 

A rotary kiln consists of an inclined, refractory lined, hollow cylinder which is rotated around its axis by 
an external drive mechanism. Material is fed into the kiln at the high end. The rotation of the kiln mixes 
the solids in the kiln and causes the solids to migrate to the low end of the kiln where they are removed. 
Rotary kilns are available in a variety of configurations, depending on the application and the nature of 
the feed material. Kilns may be fired co-currently (gas flow in the same direction as solids feed) or 
countercurrently. Operating temperatures may range from 1,400 to 2,000 degrees Fahrenheit for a 
normal operation, or from 2,200 to 2,500 degrees Fahrenheit for a slagging kiln. Combustion air and 
fuel (if required) are fed into one end of the kiln and off gas is recovered from the other end. The off 
gas requires treatment for control of emissions. 

Amlications 

Rotary kiln incineration is applicable to organic constituents in a variety of waste matrices, including 
liquids, sludges and slurries, solids and gases. Sagging rotary kilns are applicable to solids with low 
softening point temperatures. Rotary kilns may be fired countercurrently to increase combustion zone 
turbulence, or co-currently to reduce particulate emissions. Some rotary kiln applications may require 
an afterburner in addition to off gas treatment. Wastes containing metals may require treatment of solid 
residuals to immobilize the metals. 

Rotary kiln incineration has a neutral effect on metals and non-volatile radionuclides. The technology 
is not applicable to materials containing volatile or semivolatile metals. 

Advantaaes and Disadvantaaes 

Rotary kiln incineration is applicable to a wide variety of organic constituents. It is a well understood, 
commercially available technology. Rotary kilns may be adapted for use with a wide variety of waste 

types. 

The technology has a neutral effect on most inorganics. It is not applicable to volatile or semivolatile 
metals nor to wastes with low softening points. Operating costs are moderately high because wastes 
with little or no heating value require addition of supplemental fuel. Pilot testing is readily accomplished 
through a number of vendors, but bench testing is uncommon and of questionable value. 
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SOLVENT EXTRACTION 

DescriDtion 

Solvent extraction is used to remove organic constituents and some heavy metals from water, soil, or 
sludge. A solvent is chosen in which the contaminants of concern are soluble. The chosen solvent and 
the matrix to be treated are mutually insoluble. When the solvent and the waste are contacted, the 
contaminants of concern transfer from the waste matrix to the solvent. The waste and solvent are then 
separated. At this point, the waste matrix may be disposed or treated further, as appropriate. The 
solvent may be regenerated for reuse. 

Amlications 

Solvent extraction is applicable to a wide variety of constituents. However, most solvents will be 
effective for particular types of constituents and will not be effective for other types. In addition, it is 
possible that some constituents may not be amenable to solvent extraction. Each system must be 
tested to select appropriate solvents. 

Solvents containing extracted constituents should be regenerated, if possible, to allow economical 
treatment. This process does not destroy the extracted constituents. Further treatment of extracted 
constituents may be required prior to ultimate disposal. 

The process is not applicable to constituents which may not be removed from the solvent during 
regeneration. Matrix conditions, such as pH, or the presence of surfactants or emulsifiers, may alter the 
effectiveness of the process. 

Advantaaes and Disadvantaaes 

The primary advantages of solvent extraction are its applicability to a wide range of contaminants and 
the widespread use of solvent extraction in industrial applications. Solvent extraction may be readily 
bench tested. 

Costs of solvent extraction are higher than for absorption or stripping methods. In most cases, solvent 
extraction will be effective for a limited number of the constituents in the waste matrix, necessitating 
further treatment of the waste. Recovered contaminants will require treatment prior to disposal. 
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STEAM STRIPPING 

DescriDtion 

Steam stripping involves injection of steam into a solution to volatilize the organic compounds in the 
solution. It can be operated as a batch or continuous process. 

The batch process involves a batch still, an overhead vapor line, a condenser, a condensate receiver, 
and a gravity separator. Steam, injected through a perforated pipe in the still, provides the heat for 
vaporization of the waste. Vapor is condensed and collected as a liquid in the condensate receiver. 
Liquids with similar boiling points and different densities may be separated by gravity separation in the 
condensate receiver (U. S. EPA, 1987~). 

In continuous steam stripping, waste flows down the column while steam flows up as in air stripping. 
The column is designed to promote transfer of contaminants to the gas phase by causing effective heat 
transfer to the waste, by creating turbulence in the waste, and by providing a large waste surface area. 
Different liquid-vapor equilibria exist at various heights in the column, with the highest relative 
concentration of the most volatile component being on the top (Blaney, 1986); however, all volatiles are 
swept out together in steam stripping. 

Amlications 

Steam stripping is able to strip compounds with lower volatility than those removed by air stripping. 
The technology is reported to be effective for removal of high concentrations of organics, ranging from 
1 to 20 percent (U. S. EPA, 1986a). Volatile organics, as well as semi-volatiles such as phenols, 
ketones, and phthalates, are good candidates for removal by steam stripping. Steam stripping is 
currently used at some commercial and industrial facilities to treat RCRA-spent solvent wastewaters 
(Turner, 1989). Hydrogen sulfide and ammonia can also be removed by this process (U. S. EPA, 
1987~). Steam stripping is reported to be capable of removing over 99 percent of ammonia in high 
strength industrial wastes (Wickramanayake et al., 1989). 

Advantaaes and Disadvantaaes 

Steam stripping is a well demonstrated technology and commonly used in industry. As compared to 
air stripping, it may be used to treat less volatile compounds. However, the process generates a 
concentrate that requires treatment or disposal if recycling of the concentrate is not an option. This 
process is also expensive to operate, and is cost effective only when a source of waste heat or low cost 
fuel for producing steam is available. 
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SUBMERGED AEROBIC FIXED FILM REACTOR 

Description 

The submerged aerobic fixed film reactor is a biodegradation system used for destruction of organic 
compounds in aqueous media. The process uses a bioreactor packed with plastic media which acts 
as a support for a film of bacterial growth. The packing is completely submerged in the bioreactor. Air 
or oxygen is pumped into the bioreactor to maintain aerobic conditions. In addition to oxygen, it may 
be necessary to add nutrients to the bioreactor for some applications. The submerged aerobic fixed 
film reactor requires less space than an aeration basin. This is due to the greater surface area provided 
by the bacterial film, and to the higher oxygen loading provided to the microorganisms. 

Applications 

The process is applicable to aqueous media contaminated with organic constituents which are amenable 
to biodegradation. The submerged aerobic fixed film reactor has been shown to be effective for 
relatively low concentrations in the influent stream. This is an advantage over other bioreactors, such 
as rotating biological contractors or aeration basins, which are not effective for low concentrations of 
organic contaminants. It may be necessary to combine the process with treatment of the bioreactor 
effluent by granular activated carbon for adsorption of non-biodegradable organic constituents. 

Submerged aerobic fixed film technology is not applicable to radionuclides or heavy metals. Some 
metals have a toxic effect on the bacterial growth and must be avoided. Certain halogenated organic 
compounds are not readily destroyed by strictly aerobic biodegradation and are not amenable to 
treatment by this technology. 

Advantaues and Disadvantaaes 

The primary advantages of the submerged aerobic fixed film reactor are applicability to a broad range 
of organic constituents, effectiveness for treatment of relatively low contaminant concentrations, and 
relatively low capital and operating costs. 

The technology is not effective for all organic contaminants; it may be necessary to combine the 
process with a treatment technology for the bioreactor effluent. 
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SUPERCRITICAL WATER OXIDATION 

Descrbtion 

Supercritical water oxidation uses oxygen dissolved in water above its critical point to oxidize organic 
compounds. Oxygen, from ambient air or from an oxygen source, is added to the water containing the 
organics to be treated. The water temperature and pressure are then raised above the critical point and 
rapid oxidation takes place. The heat released during oxidation is often sufficient to sustain the reaction. 
If the heat release is not sufficient, energy in the form of supplemental heat or organic compounds may 
be added to the water. Salts formed in the oxidation process generally precipitate out of solution. After 
the treated water is cooled and the pressure is released, off gases are released which may require 
treatment. 

Amlications 

Supercritical water oxidation may be used to treat a variety of organic constituents, though it is less 
effective for halogenated compounds. Some work has been done with catalysts for treatment of 
halogenated compounds, however, the technology remains unproven for catalytic applications. The 
organics are partially oxidized to organic acids or completely oxidized to carbon dioxide and water. 
Sulfur containing compounds are oxidized to sulfate salts. Nitrogen containing compounds are reduced 
to elemental nitrogen. Oxidation temperatures are not sufficient for generation of nitrogen oxides (NO,). 

For many compounds, oxidation is not complete. Organic and/or fatty acids will remain as byproducts 
of the oxidation process. In most cases it would be expected that the toxicity of the organic 
compounds will decrease. Aromatic compounds are less easily oxidized by the supercriiical water 
oxidation process. 

The technology is not applicable to or economically feasible for treatment of water containing organic 
compounds in low part per million concentrations. The process is not applicable to radionuclides or 
heavy metals. 

Advantaaes and Disadvantaaes 

The primary advantage of supercritical water oxidation is that a variety of toxic organic constituents may 
be destroyed by low-temperature oxidation. Acid gases are easily controlled. The technology is proven 
at the commercial scale and equipment is readily available. Treatability testing may be conducted at 
the bench scale. 
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The primary disadvantages of supercritical water oxidation are that the technology does not effectively 
treat some organic constituents and it has high initial and operating costs. Some organic compounds 
are not completely oxidized; partially oxidized compounds may be more toxic than the original 
compounds in some cases. The technology may not provide for sufficient removal of some compounds 
which may be present in low concentrations. 
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SUR FACTANTS 

Descriation 

Surfactants in water alter the organic contaminants ability to adsorb onto the soil particles to promote 
solubilization of an essentially hydrophobic organic compound. One end of the surfactant molecule is 
polar (hydrophobic or water soluble) while the other end is nonpolar (hydrophylic, not water soluble). 
There are three types of surfactants - anionic, nonionic, and cationic. Anionic surfactants are highly 
soluble in water but are sensitive to the total ionic strength of the medial (soil particles like clays). 
Cationic surfactants are a small group of softening and coating agents that have positively charged 
solubilizing groups. Nonionic surfactants usually have a polyoxyethylene group as their solubilizing 
group and comprise the most commonly used group of commercial surfactants in North America (soaps 
and detergents). 

Aadication 

Used for organic contaminants in both unsaturated and saturated soils as well as above-ground batch 
soil washing processing. Surfactants in water are either injected or flooded onto a contaminated soil 
region to wash the soils in-situ in the vadose zone above the groundwater or within the contaminated 
groundwater itself. 

Advantaaes and Disadvantaaes 

An important advantage of surfactants is that water can be used as the extraction medium rather than 
organic solvents to transfer the organic from the soil into the liquid. They are generally inexpensive and 
much research is available on types as well as applications. 
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THERMAL OXIDATION 

Descridion 

Thermal oxidation uses simple burner technology to produce a hot, oxidizing atmosphere for destruction 
of organic constituents in a gaseous medium. Most thermal oxidizers burn supplemental fuel to produce 
a flame in a combustion chamber. The incoming air stream passes through the combustion chamber 
with enough residence time to ensure destruction of the organics. 

Amtications 

Thermal oxidation is applicable to a wide range of organic constituents in gaseous media. The process 
is not adversely affected by sulfur or halogens in the gas stream. However, off gases containing 
chlorinated hydrocarbons or sulfur will probably require off gas treatment for control of acid gases. In 
some cases it may be possible to recover heat from the off gases, but the additional energy cost may 
offset any savings. 

The process is not applicable to metals or radionuclides. The system probably would not be cost 
effective for treatment of high-volume gas streams with little or no heat value (catalytic incineration 
would be better). 

Advantaaes and Disadvantaaes 

The primary advantages of thermal oxidation are its technical maturity and applicabil? to rariety of 
organic constituents. The technology is well developed and commercially available. Thermal oxidation 
can be used in combination with technologies which produce an off gas containing organics. 

Thermal oxidizers can be quite expensive to operate if the gas stream to be treated has a high volume 
or if the gas has little heating value. Off gases containing halogens or sulfur probably will require 
treatment for control of acid gases. It would be relatively difficult to bench test an actual gas sample 
under conditions similar to those in the field. 
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VACUUM EXTRACTION (AND STEAM INJECTION) 

Descriotion 

Vacuum extraction is an in-situ treatment technology that involves air stripping of contaminants by 
inducing a vapor flow through the soil thereby displacing contaminated soil gas with uncontaminated 
gas. As air is pulled through the soil medium, organics which are in free phase, in solution, and sorbed 
onto the soil are volatilized into the air. 

Vacuum extraction can be accomplished by installing perforated pipes, vertically or horizontally 
(depending on the depth to the water table), and exerting a vacuum through the soil using a pump. 
Implementation requires that certain geological as well as chemical characteristics are satisfied (Hutzler 
et al., 1990). Sandy soils and gravels are preferred, but vapor extraction may be used for silts and clays 
depending on degree of saturation. Since this technology involves transfer of the contaminants to the 
vapor phase, emission control must often be included as part of the system. Emission control systems 
can include activated carbon, catalytic oxidation, and thermal oxidation. 

Less volatile compounds can be extracted by injecting steam into the soil to enhance the removal rate. 
In this case, the extracted organics can be condensed and recovered as a liquid. 

Aoelications 

Vacuum extraction is primarily applicable for removal of volatile organic compounds (VOCs) from soils 
above the water table (U. S. EPA, 1988a; Hutzler et al., 1990). Efficient removal by this technology 
requires contaminants of relatively high volatility. Contaminants with Henry’s constants greater than 
1 x l o 3  atm3/mole and vapor pressures greater than 1 .O mmHg indicate that vapor extraction may be 
suitable. Certain geological requirements, such as those specified above, must also be satisfied for 
vacuum extraction to be applicable. 

Advantaaes and Disadvantaaes 

The major advantage of vacuum extraction is that it is carried out in-situ so that the soil and 
underground structures can be left in place. The movement of air through the contaminated soil also 
promotes biodegradation of the contaminants. Additionally, the system is fairly easy to operate. The 
major disadvantage of this technology is that the contaminants are not destroyed, but transferred from 
soil to air, and additional aboveground treatment is, therefore, required. 
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APPENDIX C 

TREATABILITY STUDIES STATEMENTS OF WORK 

Appendix C 
Oxidation/Reduction 
Physical Separation 
Soil Washing 
Solidification/Stabilization 

Masonry Cement Stabilization 
Polymerization Stabilization - Epoxy 
Polymerization Stabilization - Polyester 
Portland Cement Stabilization 

Adsorption 
Ultrafiltration/Microfiltration 
TRU/Clear" 
Ion Exchange 
Magnetic Separation 
TRU Clean" 

c-1 
c-2 
c-5 
C-8 

c-10 
c-10 
c-10 
c-10 
c-10 
C-14 
c-15 
C-16 
C-17 
c-i a 
c-19 
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APPENDIX C 

The evaluation of the technologies selected for treatability studies will be based on the relative 
effectiveness of the technology in reducing mobility, toxicity, and volume of the contaminated media in 
cases where more data are needed. The goal of these initial treatability studies will be to establish basic 
limitations of the technologies for use in the technologies and alternatives evaluation phases of the 
CMS/FS to be conducted at each OU. 

All treatability studies will be performed according to data quality objective (DQO) levels II and 111 as 
defined by EPA guidance (U.S. EPA, 1987b). Analytical work associated with the treatability studies will 
follow the standard analytical protocol (EG&G Rocky Flats, 199Oc) and quality assurance/quality control 
(QA/QC) procedures (EG&G Rocky Flats, 1990d) developed for the Rocky Flats Plan site. 

1 

The treatability testing will be performed with waste containing both average (mean) and high 
contaminant concentrations. Combinations of contaminants will also be studied where appropriate. 
Additional tests using synthetic mixtures may be used to supplement or support information from initial 
runs on olriginal waste material and provide multivariable analyses where appropriate. 
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OXIDATION/REDUCTION 

Introduction 

This statement of work covers the bench-scale testing of oxidation/reduction processes to remove 
metals and radionuclides from surface water and groundwater at Rocky Flats. The review of existing 
data from OUs 1, 2, 4, 7, and 11 indicates that the metals barium, beryllium, lead, chromium, iron, 
mercury, nickel, selenium, and manganese and total gross alpha emitters such as americium, plutonium, 
tritium, and uranium are present in surface and groundwaters at Rocky Flats in concentrations which 
exceed possible action levels. Of these, chromium, mercury, and plutonium are known to be amenable 
to treatment by reduction processes, while iron is treated by oxidation processes. Treatability testing 
will be performed on site at the Rocky Flats Plant or at an off-site laboratory possessing the necessary 
licenses, approvals, and notifications to perform hazardous waste treatability studies and handle 
radioactive materials. 

Test Objectives 

The primary objective of this testing will be to evaluate the relative effectiveness of the following four 
technologies in removing metals and radionuclides from contaminated water: 

e Oxidation/Precipitation 

e Stannous chloride reduction 

e Sulfur dioxide/metabisulfiie reduction 

e Ferrous sulfate reduction. 

The testing of oxidation/reduction processes for metals and radionuclides will have the same two 
objectives: (1) oxidation/reduction of constituents to insoluble forms which can be readily removed 
from the water by settling or filtration and (2) oxidation/reduction to less soluble forms which can be 
subsequently removed by precipitation or coprecipitation, followed by settling or filtration. Thus, testing 
of the oxidation/reduction processes will be coupled with precipitation/coprecipitations and flocculation 
process testing to identify optimum metal and radionuclide removal efficiencies by oxidation/reduction. 
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OXIDATION/REDUCTION 
(Continued) 

Test Approach 

Oxidation /PreciDitation 

This test program will initially use small laboratory scale tests to oxidize and precipitate the heavy metals 
and radionuclides. Aeration will be used to add oxygen and precipitate iron. These initial tests will be 
done using multiple jar tests to determine the most effective type and dosage of coagulant and 
operating pH. The use of coagulant aids and polymers will also be evaluated. 

Evaluation of performance during the initial tests will be based on visual observation of the rate of 
precipitate formation and settling. After the best apparent combinations of operating parameters has 
been established, additional tests will be performed with samples collected and analyzed to determine 
removal efficiencies. This will be followed by additional tests in which the precipitated and settled 
samples are filtered through 0.45 micron or smaller filter media to determine if increased removal 
efficiencies can be achieved. 

If this process is demonstrated to be effective, pilot-scale testing during the individual operable unit 
CMS/FSs may be necessary to supplement these tests. At that time, sufficient quantities of sludges 
could be produced to evaluate alternative methods of treatment or disposal. 

Reduction 

Reduction tests will be conducted to evaluate the effectiveness of removing chromium, mercury, and 
plutonium from surface and groundwater. A series of jar tests will be conducted using the following 
reducing agents: 

0 Stannous chloride 

0 Sulfur dioxide/metabisulfite 

0 Ferrous sulfate. 

Ionic mercury will be converted to the metallic form by reduction with stannous chloride and removed 
by filtration. Hexavalent chromium will be converted to trivalent chromium with sulfur dioxide, ferrous 
sulfate, or sodium metabisulfite. The conversion to trivalent chromium will be dependent on the time 
of reaction, pH of the reaction mixture, and concentration of the reducing agent. Removal of trivalent 
chromium is effected by precipitation. 
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OXIDATION/REDUCTION 
(Concluded) 

The above reducing agents are also effective in reducing plutonium. Stannous chloride reduces 
plutonium (IV) to plutonium (111) and plutonium (VI) to plutonium (IV). Sulfur dioxide reduces plutonium 
(IV) to plutonium (111) and plutonium (V) to plutonium (IV). Ferrous sulfate reduces plutonium (IV) to 
plutonium (111). The less soluble forms are plutonium (111) and (IV). 

Tests with each of the above reducing agents will be performed by varying the dosages of reducing 
agent ranging in concentrations from 20 to 300 percent in excess of the stoichiometric need of the 
target contaminants. A sample volume of 3 to 5 liters will be required for each jar test. Samples will 
be tested at different pH levels for each dosage of reducing agent. Effluent samples from each test will 
be split in two to be analyzed for metals and radionuclides separately. The effluent sample to be tested 
for metals will be precipitated following reduction. The one to be tested for plutonium will be subject 
to flocculation and settling after reduction. 
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PHYSICAL SEPARATION 

Introduction 

This statement of work covers the testing approach to evaluate physical separation as a pretreatment 
step prior to soil washing or solidification/stabilization treatments for contaminated soils. Although the 
technology is primarily targeted for inorganics, metals, and radionuclides, it may also be effective in 
reducing the volume of organics-contaminated soil. 

Test Objectives 

These tests will evaluate the effectiveness of physical processes to separate contaminated soil fractions 
from noncontaminated soil fractions and reduce the amount of material being treated by soil washing 
or solidification/stabilization technologies. Separations between types of contaminants may also be 
possible, allowing different treatments on different fractions. Tests will be conducted on the separation 
method and the size separation most likely to be useful in contaminated soil cleanup. Other physical 
separation processes, such as froth flotation and gravity (density) separation, have a limited range of 
applicability and may require feed characteristics that are unlikely to be found in contaminated soils. 
Preliminary characterization data, generated by sieve analyses, will be used to decide if size separation 
has a beneficial effect. Bench separations will be run if sieve analyses show isolation of contaminants 
of concern into a size fraction. These tests will provide sufficient information for the initial phases of the 
CMS/FS process and will also prepare enough product for soil washing and solidification/stabilization 
tests. 

Test Approach 

Testing will be conducted in two phases, a characterization phase and a confirmation - "production" 
phase. The characterization phase will consist of sieve analyses with chemical and radionuclide 
analyses on the individual size fractions. Complete disaggregation of all of the particles is essential to 
the accuracy of these analyses. If the contaminants of concern are concentrated in a particular particle 
size fraction (range of particle sizes) as shown by their distribution, then physical separation may be 
useful in treating the soils. If the size fractions with lower concentrations of contaminants of concern 
meet cleanup criteria, and they constitute the majority of the material, a significant volume reduction can 
be achieved by making the size separation and by treating a smaller volume of soil that has higher 
concentrations of contaminants, It is expected that, if there is a size separation effect, the contaminants 
will be concentrated in the finest fractions, Le., silts and clays. 
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PHYSICAL SEPARATION 
(Continued) 

The second phase of testing will have several purposes: primarily, confirmation of the results of the first 
phase; production of material for soil washing and solidification/stabilization tests; and development of 
data for pilot- and/or full-scale equipment sizing. 

The first, or characterization, phase of physical separation testing will use a laboratory attrition scrubber 
to desegregate the soils to allow complete size separation. Attrition scrubbing is a process in which a 
water slurry containing a high concentration of solids is vigorously agitated. The particle= particle 
collisions in the slurry break up agglomerated fine materials and also scrub off fine particles that adhere 
to larger particles. The laboratory equipment typically available for attrition scrubbing cannot accept 
particles much larger than 2 millimeters; therefore, a preliminary wet screening step to remove large 
particles is necessary. This wet screening tends to wash fine particles off the large particles. While not 
as effective as attrition scrubbing, the residues of fines left on the coarse particles is generally 
insignificant. Wet screening is done on a vibrating screen with a continuous water wash. Either small 
vibrating screens (such as Sweco-type units) or standard sieves on a wet screen vibrator will be used 
as appropriate to the screen opening and amount of sample to be processed. Wet screening may be 
used at more than one stage of processing. The measurements of particle size distribution will follow 
the procedures described in ASTM D-422 (method for particle size analysis of soils), after the 
preparations described above. 

The sequence of benchdcale testing of physical separation processing will include: 

1. Soil sample preparation. 

2. Wet screening/separation of large diameter soil particles (> 2 millimeters [mm]). 

3. Scrubbing of fine particles adhering to >2 mm fraction materials. 

4. Analysis of water soluble contaminants, clay, and silt content using standard 
procedures (EG&G Rocky Flats, 1990~). 

5. Screening to determine particle size distribution of fine (c2 mm) materials. 

6. Analysis of contaminant distribution in the fine soil fractions using standard procedures 
(EG&G Rocky Flats, 1990~). 

7. Evaluation of which contaminants are associated with the various size fractions. 
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PHYSICAL SEPARATION 
(Concluded) 

The scrubbed size fraction greater than 2 mm would not be expected to contain a significant percentage 
of the constituents of concern. Depending on the percentage of total sample mass in the large size 
particle fraction, analysis for constituents of concern may be performed or may be omitted. The fraction 
of constituents not occurring in the scrubbing water and smaller size fractions may be assumed present 
in the greater than 2 mm material. Larger volumes of sample, as required to meet analytical and 
QA/QC requirements, will be used to verify initial results as to contaminant distribution and size 
gradations. 
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SOIL WASHING 

Introduction 

This statement of work covers testing of soil washing technologies for the removal of metals and 
radionuclides from contaminated soils either with or without preliminary physical separation. This 
statement of work is for laboratory- and bench-scale evaluations and does not cover field pilot testing. 

Test Objectives 

The objectives of this testing will be to evaluate several possible lixiviants and chelating agents for their 
effectiveness at removing contaminants of concern from contaminated soils, and to establish the best 
operating conditions for the effective agents. The effects of temperature, washing agent concentration, 
solid-liquid ratio in washing, and contact time will be investigated. Data will also be gathered on solid- 
liquid separation characteristics of the best systems. Loaded wash solution treatment and 
recycle/disposal issues will also be addressed. 

Test Approach 

The testing will be conducted in several phases; the results of each phase will be passed on to the next 
phase. Available physical and chemical data for soil will be used to guide the selection of washing 
agents to test. 

The first phase of the test will be screening tests to identify the most promising washing agents. The 
screening tests will be batch shaker tests conducted under the ideal conditions for each washing agent, 
with before and after measurements of the concentrations of the contaminants of interest. The washing 
agents that are ineffective in reducing soil contaminant concentrations will be eliminated in this step, 
while the others will be tested further. The analytical work in this phase will focus on target 
contaminants, radionuclides, and metals. 

The second phase of bench testing will be a series of wash tests conducted with one or more of the 
washing agents. The washing will be operated as a batch or sequential process to establish the 
optimum operating conditions for the process, including types and combinations of washing agents. 

In the third phase of testing, conducted later as part of a CMS/FS for a specific OU, larger scale batch 
washes and small-scale continuous column washes will be conducted at the optimum conditions 
determined in Phase 2. These tests are used to provide data for pilot- and full-scale washing plant 
design, and to generate used wash liquor for recycling, treatment, and disposal testing. 
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SOIL WASHING 
(Concluded) 

Initial Wash Tests 

Sample volume: As required, to ensure that every liquid and solid product fraction will be large enough 
to meet analytical and QA/QC requirements. 

Type of test: Batch wash test 

These tests will be run with high strength wash solutions and at generally high temperatures and high 
liquid-solid ratios to ensure maximum possible removal of contaminants from the soils. These tests will 
provide screening data to allow elimination of ineffective washing agents. 

The tests will be conducted in beakers with completely mixed heated equilibrium contacting of the 
washing liquid with the soil samples. Residual metal and radionuclide constituents in the soil and in the 
filtered wash liquid will be analyzed. 

Wash Optimization 

This phase will consist of bench-scale, batch washes at various solution strengths, temperatures and 
solid-liquid ratios followed by sequential washing with different agents to determine the probable 
optimum conditions for the individual washing agents or combinations of washing agents. The test plan 
to be developed will include appropriate means of effective liquid/solids separation to simulate real 
process conditions. 

These optimization tests will be run with soil samples, and various sizes and ranges of wash liquid 
volumes, testing temperatures, and agitation times. 
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SOLIDIFICATION/STABILlZATlON 

Introduction 

This statement of work covers testing of solidification/stabilization agents for treatment of soils 
contaminated with metals and radionuclides of concern. Included in this program is the testing of these 
agents on contaminated soil fractions that have been separated from the bulk of the soil by physical 
means. Agents to be tested will include portland cement-based, epoxy polymer-based and polyester 
polymer-based, masonry cement-based, and pozzolan-based agents. Testing of proprietary formulations 
may involve off-site tests at vendors’ laboratories or on-site tests by vendor personnel. Companies that 
offer off-site laboratory solidification testing include International Waste Technologies (IW) and Hazcon. 
This plan covers laboratory characterization and bench scale testing of mixtures for leaching, strength 
and durability characteristics. It does not include field pilot-scale testing. 

Test Objectives 

The objectives of this program are to evaluate solidification/stabilization agents and additives to 
determine if contaminants in soils can be sufficiently immobilized by their use to meet regulatory criieria 
for disposal or replacement. Mixtures of contaminated soils and stabilization agents will be tested for 
leaching, strength, and durability characteristics. The results of these tests will be compared to 
regulatory and other criieria that may be applied in determining how the soil is to be handled. Leaching 
characteristics are important in determining whether the material can be left on-site or must go to a solid 
waste or hazardous waste landfill. Strength and durability criteria are imposed by some off-site landfills 
and will affect the design of any on-site repositories. 

The tests will be focused on immobilization of heavy metals and radionuclides, but leaching of organic 
constituents will be tested to determine whether further treatment would be required. 

Test Approach 

The test approach assumes that leaching criteria are the most important; the agents and formulations 
are screened based on leaching results. Formulations that pass the leaching tests will then be tested 
for their performance regarding the strength and durability criteria. 

Screening Tests 

The screening tests will be conducted on the widest range of formulations, but only small amounts of 
soil will be required for each test. The soil samples will be mixed with the various agents at three 
different ratios with water being added in constant proportion to the amount of stabilization agent. A 
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SOLIDIFICATION/STABILlZATION 
(Continued) 

relatively short curing time of 24 hours will be used for comparison of leaching characteristics; however, 
longer cures will be used in the formulation optimization tests when strength characteristics are 
compared. After curing, the samples will be subjected to the appropriate leach procedure. The 
leachates will be analyzed for the contaminants of concern. 

Solidification/stabilization agents that will be tested include portland cement, polyester polymers, and 
epoxy polymers. Ratios of soil to stabilization agent will be varied over the range of 1:l to 4:l. The 
ratio of water to stabilization agent will be kept constant for each agent. Different dosages of additives 
will also be tested with the dosage ranges based on recommendations from the proprietary vendors. 

The leach test protocols will be determined by the regulatory requirements and cleanup goals for the 
soils in question. The Toxicity Characteristics Leaching Procedure (TCLP) is most likely to be the 
required leach test for RCRA hazardous materials, while the American Nuclear Society Short-Term Test 
procedure (ANSI/ANS-16.1-1986) may be applicable to radioactively contaminated soils and soils with 
mixed radioactive and hazardous contaminants. 

The results of the leach tests will be used to select the agents and additives that will be used for 
formulations optimization. The formulations that meet leachability standards at lowest probable cost will 
be the starting points for further development. 

Formulation Optimization 

The results of the screening tests will be used to select a limited number of solidification agents for 
which optimum formulations will be developed. The optimization may depend more on physical criteria 
rather than leaching criieria. Sample volume requirements will depend on the amounts of stabilized 
material needed for the various tests. Typically, 1 kg of mixture will be required for one TCLP leach and 
one unconfined compressive strength test. Standard cure times of 7 and 28 days will be used for all 
the physical characterization samples at this stage. Use of two cure times will allow comparison of the 
test mixtures on rate of development of strength and durability characteristics. Multiple cures will be 
tested for each mixture and cure time to gain information on variability of the characteristics achieved. 

The leaching tests in this phase will follow the same protocols as in the screening tests. In addition, the 
basic unconfined compressive strength tests will be conducted as outlined in ASTM Standard D-2166. 
If durability of the solidified material is determined to be of importance, standard tests such as Methods 
for Freezing-Thawing Test for Soil-General Mixtures (ASTM 0-560-82), Methods for Wetting and Drying 
Tests for Compacted Soil-General Mixtures (ASTM D-559-82), and Test Method for Slake Durability of 
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SOLIDIFICATION/STABILlZATlON 
(Continued) 

Stakes and Similar Weak Rocks (ASTM D464.4) may be required. The goal of this testing is to find the 
lowest probable cost formulation that meets all of the soil cleanup criteria. 

Confirmation Tests 

To support the evaluation of this technology for CMS/FSs which are scheduled to be conducted after 
the sitewide study is completed, one or two formulations will be selected as optimum based on the 
formulation/optimization results and a final batch of that formulation will be mixed for confirmation by 
all relevant tests using DQO levels IV and V. A large batch of at least 5 kilograms will be required. 
From that batch, the various samples will be split before the mixture sets. 

The same test criteria will be applied in this phase as in the previous phases. The primary differences 
will be in the amount of solidified mixture prepared and the level of QA/QC required. This phase will 
be essential in providing more definitive data on the performance 

Test Objectives 

The objectives of this program are to evaluate solidification/stabilization agents and additives to 
determine if contaminants in soils can be sufficiently immobilized by their use to meet regulatory criteria 
for disposal or replacement. Mixtures of contaminated soils and stabilization agents will be tested for 
leaching, strength, and durability characteristics. The results of these tests will be compared to 
regulatory and other criteria that may be applied in determining how the soil is to be handled. Leaching 
characteristics are important in determining whether the material can be left on-site or must go to a solid 
waste or hazardous waste landfill. Strength and durability criteria are imposed by some off-site landfills 
and will affect the design of any on-site repositories. 

The tests will be focused on immobilization of heavy metals and radionuclides, but leaching of organic 
constituents will be tested to determine whether further treatment would be required. 

Test Approach 

The test approach assumes that leaching criteria are the most important; the agents and formulations 
are screened based on leaching results. Formulations that pass the leaching tests will then be tested 
for their performance regarding the strength and durability criteria. 
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SOLIDIFICATION/STABILlZATION 
(Concluded) 

Screening Tests 

The screening tests will be conducted on the widest range of formulations, but only small amounts of 
soil will be required for each test. The soil samples will be mixed with the various agents at three 
different ratios with water being added in constant proportion to the amount of stabilization agent. A 
relatively short curing time of 24 hours will be used for comparison of leaching characteristics; however, 
longer cures will be used in the formulation of this process at full scale. The results of this test phase 
may also indicate any unusual behavior that could be encountered in scale up of the process. 

Final Treatability Studies Plan 
Rocky Flats Plant, Golden, Colorado 
EG&G/TSP/22499/WP.C 05-30-91 /RPT 

June 3,1991 
Page C13 



ADSORPTION 

Introduction 

This statement of work covers the bench-scale testing of adsorption processes to remove metals and 
radionuclides from surface water and groundwater at Rocky Flats. The review of existing site data 
indicate that the metals beryllium, chromium, iron, lead, manganese, mercury, and selenium and total 
gross alpha emitters such as uranium, plutonium, and americium are present in groundwaters and 
surface waters at Rocky Flats in concentrations which exceed possible action levels. All of these 
species are potentially amenable to treatment by adsorption. Treatability testing will be performed on 
site at the Rocky Flats Plant or at an off-site laboratory possessing the necessary licenses, approvals, 
and notifications to perform hazardous waste treatability studies and handle radioactive materials. 

Test Objectives 

The primary objective of this testing will be to evaluate the effectiveness of adsorbent materials for 
removal of metals and radionuclides from water. The testing for all species will have the same 
objectives: to establish that the species is amenable to treatment using adsorption columns, to screen 
appropriate adsorbent materials in order to select the most suitable materials, and to establish bench 
scale design information such as adsorbent capacity and breakthrough behavior. The ability to 
regenerate the adsorbents, as applicable, will also be tested. Given the range of contaminants to be 
treated it is likely that a broad range of adsorbent materials will be tested. This will include readily 
available materials such as granular activated carbon, activated alumina, bone char, zeolites, and soils. 
The use of proprietary specialty adsorbents such as Filox which were developed for treatment of specific 
contaminants will also be investigated. 

Test Approach 

The test program will use small bench scale columns of adsorbent materials to test the removals of 
metals and radionuclides. When a potentially suitable set of adsorbent materials for treatment of a 
specific contaminant has been selected an initial screening test will be conducted. During this test 
contaminated water will be pumped through a set of columns, each column containing a different 
adsorbent material. The discharge from each column will be collected separately and analyzed for the 
metals and radionuclides present in the feed water. The one or more materials which show the best 
performance for removal of the contaminant will be tested again during which more detailed information 
on adsorbent capacity will be obtained. If possible a breakthrough curve for the contaminant will be 
established. If it is practicable to test the regeneration of the adsorbent after the adsorption testing this 
will be done. 
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U LTRAFl LTRATION/MICROFILTRATlON 

Introduction 

This statement of work covers the bench-scale testing of ultrafiltration and microfiltration processes to 
remove metals and radionuclides from surface water and groundwater at Rocky Flats. The review of 
existing site data indicate that the metals beryllium, chromium, iron, lead, manganese, mercury, and 
selenium and total gross alpha emitters such as uranium, plutonium, and americium are present in 
groundwaters and surface waters at Rocky Flats in concentrations which exceed possible action levels. 
All of these species are potentially amenable to treatment by filtration. Treatability testing will be 
performed on site at the Rocky Flats Plant or at an off-site laboratory possessing the necessary licenses, 
approvals, and notifications to perform hazardous waste treatability studies and handle radioactive 
materials. 

Test Objectives 

The primary objective of this testing will be to evaluate the effectiveness of ultrafiltration and 
microfiltration for removal of metals and radionuclides from water. The testing for all species will have 
the same objectives: to establish that the species is amenable to treatment using ultrafiltration or 
microfiltration, to screen appropriate chelating agents in order to select the most suitable agents, and 
to determine the optimum chelating agent doses and solution pH for maximum contaminant removal. 
The removal efficiencies achieved by filtration will be determined. Given the range of contaminants to 
be treated it is likely that a broad range of high molecular weight chelating agents will be tested. 

Test Approach 

The test program will use small bench scale tests to chelate the metals and radionuclides and filter the 
chelated contaminants for the water using microfiltration or ultrafiltration membranes. Initial testing will 
involve multiple jar tests using all potentially applicable chelating agents at the estimated best dose and 
at a number of different pH levels. These samples will then be filtered and the filtered water analyzed 
for metals and radionuclides. 

The four chelating agents which produced the best removals during the initial tests will be subjected to 
a second round of testing. The most effective dosage of chelating agent and operating pH will be 
established during this second round of testing. 
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TR U/CLEAR " 

Introduction 

This statement of work covers the bench-scale testing of the TRU/Clear" process to remove 
radionuclides from surface water and groundwater at Rocky Flats. TRU/Clear" is the brand name for 
a proprietary precipitating agent based on the use of ferrite ions. The review of existing site data 
indicate that total gross alpha emitters such as uranium, plutonium, and americium are present in 
groundwaters and surface waters at Rocky Flats in concentrations which exceed possible action levels. 
AI1 of these species are potentially amenable to treatment using TRU/Clear". Treatability testing will be 
performed on site at the Rocky Flats Plant or at an off-site laboratory possessing the necessary licenses, 
approvals, and notifications to perform hazardous waste treatability studies and handle radioactive 
materials. 

Test Objectives 

The primary objective of this testing will be to evaluate the effectiveness of the use of TRU/Clear" in 
removal of radionuclides from water. The tests will also have the objective of establishing the correct 
dosage and operating pH for the use of TRU/Clear" and to determine the removal efficiencies which 
can be obtained by a combination of addition of TRU/Clear" with either solids settling or filtration. 

Test Approach 

The test program will use small bench scale tests to remove the radionuclides using TRU/Clear". Initial 
testing will involve multiple jar tests using different dosages of TRU/Clear" at a number of different pH 
levels. In one round of tests the solids will be allowed to settle and the supernatant water analyzed for 
radionuclides to determine removal efficiencies. In a second round of tests the samples will be filtered 
and the filtered water analyzed for radionuclides again to determine removal efficiencies. The most 
effective operating conditions for the TRU/Clear" process will be established in this fashion. 
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ION EXCHANGE 

Introduction 

This statement of work covers the bench-scale testing of ion exchange processes to remove metals and 
radionuclides from surface water and groundwater at Rocky Flats. The review of existing site data 
indicate that the metals beryllium, chromium, iron, lead, manganese, mercury, and selenium and total 
gross alpha emitters such as uranium, plutonium, and americium are present in groundwaters and 
surface waters at Rocky Flats in concentrations which exceed possible action levels. All of these 
species are potentially amenable to treatment by ion exchange. Treatability testing will be performed 
on site at the Rocky Flats Plant or at an off-site laboratory possessing the necessary licenses, approvals, 
and notifications to perform hazardous waste treatability studies and handle radioactive materials. 

Test Objectives 

The primary objective of this testing will be to evaluate the effectiveness of ion exchange treatment for 
removal of metals and radionuclides from water. The testing for all species will have the same 
objectives: to establish that the species is amenable to treatment using ion exchange columns, to screen 
appropriate ion exchange materials in order to select the most suitable ion exchange resins, and to 
establish bench scale design information such as resins capacity and breakthrough behavior. The ability 
to regenerate the resins, as applicable, will also be tested. Given the range of contaminants to be 
treated it is likely that a broad range of ion exchange materials will be tested including both strong and 
weak anion and cation exchange resins and perhaps chelating resins as well. The use of specialty ion 
exchange resins which were developed for treatment of specific contaminants will also be investigated. 

Test Approach 

The test program will use small bench scale columns of ion exchange materials to test the removals of 
metals and radionuclides. When a potentially suitable set of ion exchange materials for treatment of a 
specific contaminant has been selected an initial screening test will be conducted. During this test 
contaminated water will be pumped through a set of columns, each column containing a different ion 
exchange material. The discharge from each column will be collected separately and analyzed for the 
metals and radionuclides present in the feed water. The one or more resin materials which show the 
best performance for removal of the contaminant will be tested again during which more detailed 
information on resin capacity will be obtained. If possible a breakthrough curve for the contaminant will 
be established. If it is practicable to test the regeneration of the resin after the adsorption testing this 
will be done using an acid or sodium salt solution for cation exchange resins and a caustic or chloride 
salt solution for anion exchange resins. 
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MAGNETIC SEPARATION 

Introduction 

This statement of work covers the laboratory and bench-scale testing of the magnetic separation 
process to remove radionuclides from soil at Rocky Flats. Magnetic separation can be used to separate 
radionuclide particulate species which have significant magnetic susceptibility (such as PuO) from the 
bulk soil fraction. The process separates out a small volume of soil containing the majorhy of the 
radionuclides from the larger volume of depleted soil. Magnetic separation may be used in combination 
with size separation to achieve greater decontamination. Treatability testing will be performed on site 
at the Rocky Flats Plant or at an off-site laboratory possessing the necessary licenses, approvals, and 
notifications to perform hazardous waste treatability studies and handle radioactive materials. 

Test Objectives 

The primary objective of this testing will be to evaluate the effectiveness of the magnetic separation 
process in the removal of radionuclides from the soil. The effects the soil’s composition on this process 
will be investigated. Data will also be gathered on the volume reduction factor, based on the volume of 
soil processed versus the volume of decontaminated soil. 

Test Approach 

The test program will use laboratory and bench scale tests to remove the radionuclides. Initial testing 
will be conducted to develop the operating parameters for the system. In the second round of test the 
samples will be analyzed to determine removal efficiencies and the most effective operating conditions 
for the process. 
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TRU CLEAN" 

Introduction 

This statement of work covers the bench-scale testing of the TRU Clean" process to remove 
radionuclides from soil at Rocky Flats. TRU Clean'' is the brand name for a proprietary process that 
sends contaminated soils through an array of machinery which separates the radioactive contaminants 
from the host soils. Treatability testing will be performed on site at the Rocky Flats Plant or at an off-site 
laboratory possessing the necessary licenses, approvals, and notifications to perform hazardous waste 
treatability studies and handle radioactive materials. 

Test Objectives 

The primary objective of this testing will be to evaluate the effectiveness of the TRU Clean" method in 
removal of radionuclides from soil. The effects of size and soil type will be investigated. Data will also 
be gathered on the volume reduction factor, based on the volume of soil processed versus the volume 
of decontaminated soil. 

Test Approach 

The test program will use small bench scale tests to remove the radionuclides using the TRU Clean" 
process. Initial testing will be conducted to develop the operating parameters for the TRU Clean" 
system with this soil type, screening and sizing. In the second round of test the samples will be 
analyzed to determine removal efficiencies and the most effective operating conditions for the TRU 
Clean" process. 
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APPENDIX D 
INTER-AGENCY AGREEMENT DEFINITION OF 

TREATABILITY STUDY PLAN 
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Treatabilitv Study 

Within 180 days of the effective date of this Agreement, DOE shall submit a Treatability Study Plan for 
joint approval by EPA and the State, detailing the study of methods potentially available for use in 
Corrective/Remedial action for each type of waste/waste matrix in sites at the Rocky Flats Plant. The 
Treatability Study Plan shall identify candidate technologies for evaluation in a treatability studies 
program and shall cover the range of technologies required for alternative analysis during the CMS/FS. 
In the event site characteristics require the evaluation of additional treatability studies, DOE shall perform 
the EPA and the State required treatability studies in addition to the work defined within the Treatability 
Study Plan required by this paragraph. Within the Treatability Study Plan, DOE shall submit information 
on performance, relative costs, applicability, removal efficiencies, operation and maintenance 
requirements, and implementability of candidate technologies in addressing the below listed general 
types of wastes. If practical candidate technologies have not been sufficiently demonstrated, or cannot 
be adequately evaluated by EPA and the State on the basis of existing information, the Treatability Study 
Plan shall propose a Treatability Study for the candidate technology(s). To this end, the Treatability 
Study Plan will propose a statement of work for the specific Treatability Study Plan will propose a 
statement of work for the specific Treatability Study(s) to be performed. The Treatability Study Plan will 
outline the steps and data necessary to evaluate and initiate the treatability testing program, test 
objectives, data quality objectives, experimental procedures, treatability conditions to be tested, 
measurements of performance, analytical methods, data management and analysis, health and safety, 
and residual waste management. If the quality assurance project plan (QAPP) and/or the field sampling 
plan (FSP) required in Attachment condition V1.B do not adequately define or address the investigations 
to be conducted during the Treatability Study, then the Treatability Study Plan will incorporate an 
amended QAPP and FSP specific to the Treatability Study. The treatability study program shall not be 
initiated until EPA and the State have reviewed and jointly approved, in writing, the Treatability Study 
Plan. 

The Treatability Study shall be initiated within 30 days of joint approval by EPA and the State. This study 
shall evaluate applicable technologies for the general types of wastes anticipated at the Rocky Flats 
Plant. The general types of wastes/waste matrices to be included in the study include: volatile and 
semi-volatile contaminated wastes, soils, surface water and groundwater; metal contaminated wastes, 
soils, surface water and groundwater; radioactive wastes, soils, surface water and groundwater, and; 
any combination of the above listed general types of wastes. 

The Treatability Study shall be completed and the results shall be submitted to EPA and the State within 
36 months of the approval of the Treatability Study Plan by EPA and the State. Additional Treatability 
Studies may be proposed by DOE, or required by EPA and the State if, at any time it is determined that 
additional studies are required. Additional studies shall be initiated by submission of amendments to 
the Treatability Study Plan, for EPA and State review and approval. 

Final Treatability Studies Plan 
Rocky Flats Plant, Golden, Colorado 
EG&G/TSP/224QQ/WP.D 05-3081 /Rm/Z 

June 3,l-1 
Page D-1 





I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
8 
1 
1 
I 
I 
I 
I 
I 
I 

COMMENT/RESOLUTION SUMMARY OF 
EPA AND CDH COMMENTS ON SITEWIDE 

TREATABILITY STUDIES PLAN 

Colorado Department of Health 

PRC for the Environmental Protection Agency 

Environmental Protection Agency 

Pane 

D-1 

D-9 

D-23 

Final Treatability Studies Plan 
Rocky Flats Plant, Golden, Colorado 
EG&G/TSP/22499/FL?.TS 05-30-91/RW 

June 3,1991 



.. s 
P 

.. 
A 

II) 
v 

a 

z 3 

0 c 
.C 

P 
1 
\ 
aI > 
r 
m > 
0 K c 
v) 

.r 

.C 

5 - 
u c 

3 

.C 

2 
c m 
a. 
v) 
0, 

d 

.r s 
w 
v) 

z c, 
.C 

A .  

5 %  

!!% 

m *- r 0  m o  

c c  r 
at0 
c a l  c r  

d 

m i 

0) 
O r  

e 



H 
v) 
v) 

v) 
ti ca 

8 

v) 
H 

H 
8 

0 u 

i 
e, 
v) 

8 v) 

v) m 

-8 
t 
5 s 
# 

v) 
.C 

L 

c 
v) 

B 
h 
P 
t 

e 

.- 
E 

L 
0 
v) 

41 

C 
0 
e, 
0 e 
e 
v) 

0, 
c c 

.c 

d 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

n 
VI 
c 

8, 

E 
u) 

> .C 

u 
c c, 

C 
.r 

J d 
f 
2 
.C 

$ 
c 

b: 

P 

P 

.r 
ul 
0 
d 

c 
0 
a CI 

.C 

\ 1 
a > 
*r 
.C 

s 
; - 



I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

.. 
al 

c1 
% 

3 
E: 

3 
P 
C 

c 

f: 

E 
ii E 
z P 

P 
C 

C 
C 

P 
C 

k 

i .. 
n 
u) 
U 

I 

x 

s 
.C 

4.l 
0 
@ 
U) 

w z 
+ 
0 

v) e, 

5 L 

.C 

3 

L 

@ 
c er 

0 er 

E 
0 
). 
C 
0 
0 

a 
U) 
I- 

@ 
c 
I- 

i v) 

3 

.C > 
2 
C 

v) Q 
c 

9 
YI 

C 

e, 
0 
@ 
u) 

.r 

0) 
d 

Q 
8 
e, 

u 
u m 
C 
3 

v) 

e, L 

c 

.- 
m 

8 
d 

.C 

E 

m 
m 
U 
Y u 
0 

c 
.C 

--. n 
@ c 
I- 

- 
- e  c 1- 

U YI 



I 
I 
I 
I 
I 
I 
It 
I 
I 
E 
I 
I 
I 
I 
I 
1 
1 
I 
I 

3 
E: 
a 
c 

! 
Er 
C 

E 2 
Er 

P 

Er 
C 

C 
C 

P 
C 

C 
t 

F 
: 

4 

c 

k 
Q) 

t 

z 
0 
w 
v1 
v1 
3 u 
v1 
H 
n 

u E 
m 
U 

i 
ln 

> *C 

e 
s 
ln 

c 
al 
L 

m 

8 *- 
'c 

ln 

I 
c 
.- 

O r 

P C 

v) u 
m 
0 

0 
C 
c 
0 
0) r 
r 

.C - 

4 
m 
C 
C 
.C 

.C 

E 
8 
a8 r 

C 
.c 

r 

4 f 
u 
4 

m 
I C  

r 
C u 
v) v) 

3 
E? 

3 4  

m L  

m v ,  
C v)o 

DZo 

i 
c, 
v) u 
Ql m 

2 

3 

E 

v) m 

v) 

> .C 

C 

i 
ln 
I 
m 

m 
.C 

L 

c, 

L 
o 

C 
C 
0) 

u 
v) 

.C 

m 
.C 

E 

m 



.. 
a, 
4J 
(d n 

5 
E 
G 

3 
cr 
C 

E 

$ 

z F 
P 
a 
P 
Er 
C 

C 
C 

C 
C c 

s 
c 

.. 
h 

v1 
Y 

k 
a, E 

til 

OD w w 

P 
f e 
.C 

0 
u) 

al 
c r 
C 
.r 

F 
3 

5 
p1 

P .C 

; c 
W 
5 
u 
c r 
C 
.C 

F 
e, m .- -4 

u) r 
C .- 

m x c  
m a  

n 

.C .- 
C 

N *? 

9 



.. 
Q) 

4J 
Id n 

U 
C e 

N N 

M 
c 



.. 
Q) u 
Id 
CI 

.. 
n 
U-J 
v 



.. 
Q) u 
rd n 

3 
C 

c 
t 

t 
F 

c 

I- 

P 
E 
C 
c c 
c 

E 

i 
t: 
5 

t 

f 

F 

P 

! 
t 
E 

G 

C 
F 
C 

.. 
n tn 
Q) 

2 
k 

Y 

c (u M 



.. 
a, 
e, 
rd 
CI 

> 
C 

L 

P 
C 

E 
I* 

k 

P 
E 
C 
F c 

E: 

c 

i 
2 
3 
C 
c 
t 
E 

fi 
E 

P 

c 
C 
E: 
c 
c c 

.e 

n 
m 
W 

Q) 

2 ! 

m 
0 

5 

?? 

+ 
m .  

u .- 
*- u 
>.g 
z :  

t .  
m m  

u c  
m L .C 

o m  
- a  
U m 

a -  
a- u $1 
C c- 

+ a  

u m  

$ g  
a' 

E .>, 
2 ;  

c m  

m a  

mc 
U L  

w .c+ 
0 -  

0 -  
a- m q 
a 
VIL 

N 



.. 
Q) 
4J a n 

.. 
n 
u1 

Q) 

2; 
k 

W 

1 
N 

N 



E 
- 5  
m 

0 w 
r E X  m r  
8, ;!!L 
v) Q l r o  

r r r  m a  

m m 

M 



v) 

9) 
9) 

VI 9 



CI 

"! 

s 
U 

.L 

U 
0 
0) 
u) 

f 
Y 

U 

U 

al 
c U 

E 

v 

.c 

F 
U 
0 
al L 
L 
0 
0 
C 

i 
v) 

c 
v) 

L 
c 

m 

.C 

L 
0 * 
& 

.C 
m 
r 
5 
'lg 
Q 
c U 

v) 

Q N 

E 
C 
E 

.- 
I C  

.C 

!! 

i 
iG 

0 U 

y. 
0 

al 
0) 

U 

L .- 
O W  

Q .. L 

d L  
60) 
C U  o c  
UY) 

O t  

o n  

.C .r 

U U 



I 
rcf 
0 

Ln 



'4 9 

c 
c 



.. 
al 

a ti 

> 
! 
i 

5 

t 

2 

E 
C 
P 
E 
C 
f 
F 

6 

c 
6 
E : 
P 

C c 
5 

1 t 

f 
E 
C 
C 
1 

C 
C 
C 

.. 
n 
u1 
v 
al 

z 3 

. 
% r 
.C -.) 

.C * 
U 

5 
P .C 

.I 

m 

! > 

( 0 %  .- L 
L o  
e >  r 
*E e 
um 

m .- 
L 
01 +r 

L 
o 
.C 

B 

3 

5 

c 
VI .- 
4 

w 
v) e 
e 

ii 
1 e 
2! 
0 
VI " m 
Z 

8 m 
o 

B 
9 
r 

.C 
U 
o 

L 

3 c 

W 

m 

m - 
t 

5 
.C Y 



I 
I 
B 
I 
I 
8 
I 
8 
I 
8 
I 
8 
I 
I 
1 
I 
I 
I 
I 



h I- a) 

In 
c 9, 



I 
II 
I 
1 
1 
I 
I 
1 
1 
8 
I 
I 
I 
8 
I 
I 
I 
1 
I 

.. 
n 
u) 
W 

k 

r 
X 

0. 
c 



w .$ 
gp5 

c 
k 

V 
0 
05 

3 
t 

t 

2 
C 
I- 
E 
C 
P 
E 
C 
P 

: 
c 

a 
c 

E z E 
E 
z 

C 
E 
t: 

P 

E 
C 
G 

C 
E c 

zo 
3u 

H 
VJ 
v) 

tn 
H 
CI 

rn 
C 
C 
al 
al L 
O 
UI 

.C 

d 

2 
.C ' 
.t 

al 
c e, 

M 

E 
'le 
E 
U 
M al 

UI 
0 

.C 

d 

e c 
O al er 

e, f 
m r 
er 
d 
m 
O 

I#- 

8 
d 
0 

m 
.C 

e 

00 9. 0. 

0 
N 

.c 
N N N 





I 
I 
I 
I 
I 
I 
I 
II 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

n r 

i 
v) 
.C z 
L 

d 
m 
c 
r 
x 
0) 
c 

m 

c N M 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

I 
I 
I 

I 
I 

a 

a 

a 

2 0 
H 
v1 
v1 

v1 
e 
z 

2 

E E 
2 
ti 

- 
w 3 s  
FI 

I: 
8 - 

v) m 

c .r N 

* In c 



1 
1 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
i 
I 
I 
I 
I 
I 
I 

.. 
a, 
4J 
fd n 

.. 
n 
m 
a, 

z 

v 

3 
k 
a, 

-4 
5 
5 
P; 

CO 
f3 

I 0 
u 

F 
t! 
u) 

> .C 

N N 

M 



__ 

.. 
a, 
c, 
(d n 

.. 
n 
VI 

a 
0 
H 
VI 
VI 
3 u 
VI 
H 
n 

VI cc 

P 
8 

- 
w 3i 

cc 
z ; '  
g g  
8 

Y 

~~ 

M M M 

c N M 



z 

m 
2 

E m 
H 
n 

m 
H 2 

4 
8 

- 
w 

H E '  
3P 
8 - 

L 
al w- 
v) 

L u 
al u 
44 

s 

m 
.C 
d 
.C 

8 
'c 

0 u 

H 
# 
b 
8 
d 
d 
.C 2 
a u 

1 
2 m 

d 

E 
m i  

u v! 
E a- 

*- e, 

c o  .C + 
C 

c *- r 
Ow- 
m o  

- .. .- Y 

0 .- 

r 
al 
r r 
0 

C 

z u 
m 

+ c  
O .o 

m .t U 

.+ c N 



C 
.r 

4 4 
0 
C 
.C 

L 
m 
v) 
0) 

m 
0 

0 
C 
L 
0 al w 

m u 
w 
0 

.C - 
d 

.C 

: 
e m 
ul 
W 
m 
0 

0 
C 
e u 
al r .  

.r 

4 

u s  > -  
w 
-- n 
E! s '5 

5al 
*- al L 

O r  m r  

C 
.C 0, 

Az r v )  .- 

.t * .t v e 

M * VI e VI 



sr 
M u 
0 
p: 

v) 
0) 

m 
0 

.C 

2 
r u 
0 r 

P 
.C 

rc 

- r  
a l m  

N 



e’ 

d 

c, 
al 
0 
U 
C 

4 

cn m 
c 

1 

n 

In 
al 

lu 
I- 

4 

y1 In In ro ro ro 

I*) * In c- N M 



I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
1 
I 
I 
I 
1 
I 
I 
I 
I 

3 c 

c 
a 

2 

E 
t 
b 
E 
C 
P c 

5 

c 
c 
E E z 

E 
C c 
t: 

.. 
n 
v) 
W 

.rl 

p5 

ul 

c 
m 

F 
I 
.- 
e, 

e, 

e, 
r 
c d 

.C 

4 
L 

" 5  

CI 
Q 

e, 

' C .  

-4 

ala 

4s .C 

a 3  
cal re, 

'5 
'E F 
s '5 
9Jt 
Lul 

oal 
rr e, 

C o c  
e, 
.C .C 

SF 
L'3 
.C - 
e,u 
m c  
7 e- 

C 
a l w  
.--, 
E 2  

C 

P 
m - 
3 

f 
ul 

> .r 

al 
c e, 

E 
.C 

F 
3 - 
0 
C 

C 

.C 

d 
Q 

c 
2 
I 
2 
0 
C 

al u- 
al L 

al r 
m 
.r 

i B 
U 

Lal O e ,  

.!? 

L 
3 
0 
0 
0 


